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PREFACE. 


This  manual  does  not  profess  to  furnish  the  reader 
with  either  facts  or  principles  previously  unknown. 
It  has  simply  been  framed  with  a  wish  to  afford,  in  a 
somewhat  connected  form,  as  much  information  relative 
to  the  laws  of  sound  and  their  application  to  the 
arrangement  of  buildings  as  could  be  collected  from 
trustworthy  sources. 

Even  to  accomplish  this  much,  however,  it  was 
necessary  to  institute  a  wide  search ;  for  this,  the  most 
practical  application  of  the  science  of  Acoustics,  is  a 
subject  confessedly  obscure,  and  has  been  but  little 
studied.  The  very  names  of  the  few  authors  who  have 
written  upon  it  were  not  extensively  known,  and  much 
that  seemed  to  bear  upon  the  subject  had  to  be  pro- 
cured rather  from  the  personal  testimony  of  those 
practically  acquainted  with  buildings,  than  from  books. 
It  became,  therefore,  necessary  to  trespass  largely  on 
the  kindness  of  professional  and  scientific  men ;  and 
the  Author  has  much  pleasure  in  acknowledging  the 
assistance  he  has  received  from  many  sources. 

Thanks  are  especially  due  to  Mr.  Walters  and  Mr. 
Horace  Jones,  for  the  use  oi  the  drawings  from  which 
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the  illustrations  of  the  Free  Trade  Hall  and  the 
Surrey  Music  Hall  have  been  prepared ;  and  to  Pro- 
fessor Faraday,  for  the  opportunity  of  giving  an 
illustration  of  the  Lecture  Theatre  of  the  Royal 
Institution ;  also  to  Professor  Wheatstone,  Mr.  Scott 
Russell,  Mr.  P.  C.  Hardwick,  Mr.  Pennethorne, 
Mr.  HuUah,  Mr.  Holland,  and  other  gentlemen,  for 
valuable  information  and  assistance. 

Although  it  is  believed  that  this  work,  small  as  it  is, 
will  be  foimd  more  comprehensive  than  any  previously 
existing  in  English,  yet  no  one  can  be  more  aware 
than  the  author  of  the  incompleteness  of  what  has 
been  done.  Should  any  of  his  readers  find  themselves 
able  either  to  correct  errors  into  which  he  may  have 
fallen,  to  furnish  information  tending  to  elucidate  any 
of  the  many  points  which  he  has  been  unable  to  clear 
up,  or  to  corroborate  any  of  his  views,  they  will  confer 
a  kindness  by  communicating  with  him. 
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THE  ACOUSTICS 

OF 

PUBLIC    BUILDINGS 


SECTION  I. 

THE   SOIENOB   OP   ACOUSTICS. 


Acoustics  *  may  be  defined  as  the  science  of  sound  and 
hearing,  and  a  general  statement  of  the  leading  principles 
recognised  as  forming  the  basis  of  that  science  will  appro- 
priately introduce  that  special  application  of  them  which 
forms  the  subject  of  the  present  volume. 

Although  the  works  which  treat  of  the  adaptation  of 
acoustics  to  buildings  are  but  few  and  little  known,  the 
science  of  acoustics  itself  has  been  extensively  if  not  com- 
pletely investigated,  and  is  treated  of  in  many  works,  some 
elementary  and  others  deeply  abstruse.  On  this,  as  well  as 
other  accounts,  anything  like  a  complete  treatise  would  be 
quite  out  of  place  here,  and  it  is  consequently  not  proposed 
to  attempt  more  than  a  popular  and  very  general  outline  of 
what  modern  science  has  established  with  regard  to  sound, 
adding  here  and  there  an  illustration  of  those  elementarv 
principles  upon  which  any  correct  theories  affecting  the 
construction  of  buildings  must  of  necessity  be  based. 

It  is  unfortunate  that  so  few  of  the  philosophers  who  have 

*  From  the  Greek  word,  lt.Kov(TTiKhv,  **  relating  to  hearing."  This 
derivation  indicates  the  correct  pronunciation  of  the  second  syllable,  which 
should  be  sounded  as  the  word  cow^  and  not  as  the  word  coo,  although 
the  latter  sound  is  correct  where  the  continental  pronunciation  of  Greek 
is  followed,  as  is  the  case  in  Scotland. 


2  THE    ACOUSTICS    OF    PUBLIC    BUILJllNGS. 

devoted  their  time  to  this  study  have  paid  auy  attention  to 
the  most  practical  of  all  its  possible  applications,  and  that  con- 
sequently an  idea  has  become  prevalent  that  nothing  at  all  is 
known  to  men  of  science  which  would  be  of  value  to  the  archi- 
tect. It  has  become  but  too  customary  to  apply  to  any  set  of 
requirements  or  circumstances,  any  expedient,  or  material,  or 
contrivance,  which  has  ever  been  believed  to  be  advantageous 
in  some  previous  instance,  possibly  a  dissimilar  one,  and  to  give 
as  a  reason  the  general  conviction  that  it  is  "good  for  sound," 
without  any  well  defined  idea  what  the  result  may  be  expected 
to  be.  This  is  to  be  deplored,  as  the  principal  laws  of  sound  are 
well  known,  and  an  acquaintance  with  them,  coupled  with  the 
requisite  skill  in  the  application  of  them  will  render  success 
not  only  possible,  but  within  ordinary  limits  certain. 

One  word,  however,  must  be  said  upon  the  degree  of 
dependence  to  be  placed  upon  theoretical  knowledge.  Let 
it  be  ever  borne  in  mind  that  in  all  branches  of  architectural 
practice,  but  in  none  so  much  as  in  that  branch  now  under 
consideration,  rules  and  principles  never  did,  never  will, 
and  never  can  supersede  the  necessity  for  intelligence, 
judgment,  tact,  experience,  and  something  of  intuitive  per- 
ception in  their  application.  Practical  architectural  acoustics 
will  always  be  in  a  position  very  much  analogous  to  the 
practice  of  medicine.  The  physician,  after  he  has  gained  all 
the  knowledge  of  disease  and  of  medicines  which  books  can 
aiford,  is  still  quite  unfit  for  actual  practice  unless  he  have 
the  skill  and  intelligence  to  know  how  to  vary  his  mode  of 
treatment,  and  to  suit  his  application  of  laws  and  principles 
to  the  different  circumstances  of  each  case,  and  the  difi'erent 
constitution  of  each  patient ;  and  he  must,  moreover,  possess 
u  large  stock  of  isolated  facts  relative  to  cases  which  do  not 
seem  reducible  to  our  known  general  laws,  nay,  which  even 
run  counter  to  them.  It  is  so  with  sound.  The  most 
successful  architects  wall  tell  you  that  their  judgment  of 
the  probable  acoustic  efifect  of  this  or  that  arrangement  is 
as  much,  or  more,  the  result  of  a  sort  of  instinct — a  kind 
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of  internal  perception  of  what  will  do,  or  what  will  not  do, 
as  it  is  of  the  application  of  a  code  of  laws,  or  a  set  of 
rules  ;  and  knowledge,  to  be  of  much  value  in  this  depart- 
ment, must  be  associated  with  a  sort  of  tact,  not  to  say 
instinct,  which  is  not  to  be  gained  at  once  or  easily,  nor 
without  making  the  subject  one  of  constant  observation  and 
thought  when  visiting  existing  buildings,  or  when  preparing 
or  examining  designs  for  new  ones. 

The  following  seven  propositions  comprise  a  general  view 
of  til  is  subject.  The  first  three  relate  to  the  nature  of  sound 
and  sounding  bodies,  the  following  three  to  the  propaga- 
tion of  sound,  and  the  last  one  to  its  reinforcement. 

I.  Sound  always  originates  in  some  movement  of  the 
body  from  which  it  is  emitted,  and  becomes  audible  only 
when  any  conductor  exists  that  will  convey  the  motion  of 
the  sounding  body  to  the  ear. 

II.  Sounds  differ  in  the  properties  of  quality  or  tone, 
loudness,  intensity,  volume,  pitch,  and  distinctness ;  they 
also  vary  in  their  nature,  according  as  they  take  the  form 
of  noise,  music,  or  articulate  speech. 

III.  When  rapid  successive  impressions  on  the  ear  follow 
at  regular  intervals,  a  continuous  sound  is  heard  (the  pitch 
of  which  depends  upon  the  frequency  of  the  repetitions). 
Such  notes  are,  in  all  but  the  most  exceptional  cases,  caused 
by  the  vibrations  of  some  elastic  body. 

IV.  Sound  is  conveyed  most  frequently  through  the 
atmosphere,  but  nearly  all  bodies  will  transmit  it. 

V.  Sounds  traverse  the  air  at  an  uniform  rate  of  speed, 
but  with  a  constantly  diminishing  strength ;  they  naturally 
follow  a  straight  course,  but  their  direction  is  liable  to  be 
modified  by  the  objects  they  meet — they  are  subject  to  be 
reflected,  deflected,  conducted,  or  absorbed. 

VI.  There  is  a  great  similarity  between  the  laws  that 
govern  the  propagation  of  sound  and  of  light,  but  sometimes 
the  propagation  of  sound  in  the  atmosphere  bears  an  analogy 
to  that  of  undulations  on  the  surface  of  water. 

B  2 
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VII.  Bodies  capable  of  vibrating  so  as  to  produce  any- 
sustained  sound,  are  ordinarily  apt  to  vibrate  spontaneously, 
wben  a  sound  of  the  same  pitch  is  excited  near  them. 

Sound  and  Sounding  Bodies. 

(i)  "  Sound  always  originates  in  some  movement  of  the 
body  from  which  it  is  emitted,  and  becomes  audible  only 
when  any  conductor  exists  that  will  convey  the  motion  of 
the  sounding  body  to  the  ear." 

Sound  appears  to  accompany  nearly  all  motion,  and  pro- 
bably movements  too  slow  or  too  smooth  to  be  audible  to 
our  ears  might  be  appreciable  to  a  more  delicately  organised 
hearing  apparatus. 

The  actual  force  that  attends  very  loud  or  very  sudden 
sounds  is  familiarly  known ;  the  breaking  of  windows,  and 
shaking  of  glasses,  <&c.,  by  a  discharge  of  artillery,  an 
explosion,  or  even  a  loud  thunder  clap,  are  instances  that 
show  the  actual  impulse  of  very  loud  sounds  to  be  con- 
siderable :  such  an  impulse,  though  infinitely  less  in  degree, 
attends  even  the  faintest  whisper. 

The  sense  of  hearing  is  really  a  refined  and  delicate  sense 
of  touch,  and  the  impressions  made  upon  the  ear  are  due  to 
actual  motion  made  sensible  through  a  conductor ;  and  if  any 
movement  which  would  naturally  be  attended  with  sound 
takes  place  under  circumstances  that  cut  it  oflT  from  all 
direct  comm.unication  with  the  ear,  no  sound  will  be  heard. 

The  best  method  of  demonstrating  this  is  to  suspend  a 
bell  by  a  silken  thread  in  the  receiver  of  an  air-pump, 
with  a  piece  of  clockwork  for  striking  it ;  as  long  as  air 
remains  in  the  receiver  the  sounds  of  the  bell  are  heard, 
but  they  grow  fainter  as  the  air  is  withdrawn,  and  when  as 
complete  a  vacuum  as  mechanical  means  can  obtain  is 
created,  no  sound  is  heard  at  all. 

(2)  "  Sounds  differ  in  the  properties  of  quality  or  tone, 
loudness,  intensity,  volume,  pitch,  and  distinctness ;  they 
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also  vary  in  their  nature,  according  as  they  take  the  form 
of  noise,  rausic,  or  articulate  speech." 

The  tone  peculiar  to  any  sound  (employing  the  word  tone, 
a  word  to  which  several  meanings  are  assigned,  to  express 
the  nature  of  the  sound,  as  for  example,  a  silvery,  a  brassy, 
a  shrill,  or  a  dull  tone),  though  affected  sometimes  by  other 
circumstances,  such  as  the  nature  of  the  transmitting  me- 
dium, or  of  the  existing  cause,  is  principally  due  to  the  nature 
of  the  substance  by  which  the  sound  is  emitted. 

Not  only  do  various  sorts  of  motion  give  rise  to  varying 
sounds,  such  as  the  sounds  peculiar  to  striking,  to  rubbing, 
to  tearing,  and  the  like ;  but  also  an  almost  infinite  variety 
appears  to  exist  in  the  manner  of  moving  inherent  in  various 
substances,  and  each  substance  seems  capable  of  transmitting 
to  our  ears,  and  that  through  an  intervening  medium,  an  im- 
pression of  its  own  peculiarity  in  this  respect.  Even  the 
shortest,  sharpest  sounds,  will  in  many  cases  convey  to  us  the 
impression  of  the  material  from  which  they  were  caused.  The 
crack  of  a  whip,  the  blow  of  an  iron  hammer,  the  blow  of  a 
wooden  mallet,  and  the  crack  of  a  rifle,  are  all  readily  dis- 
tinguished when  heard,  though  they  are  all  instantaneous. 
To  this  subtile  peculiarity  is  due  the  greater  part  of  that 
infinite  variety  existing  in  the  sounds  that  meet  our  ear,  and 
it  is  usual  to  distinguish  those  properties  of  certain  sounds 
which  are  traceable  to  its  influence,  as  the  quality  of  those 
sounds ;  variations  in  quality  and  loudness  are  the  principal 
properties  that  seem  to  be  appreciable  in  sudden  sounds, 
or  even  in  those  irregularly  or  slowly  repeated. 

By  the  loudness  of  a  sound  is  meant  the  force  with  which 
it  strikes  upon  the  ear,  and  this  force  seems  directly  to  de- 
pend upon  the  force  of  the  impulse  to  which  it  owes  its  rise, 
modified  by  the  distance  the  sound  has  had  to  travel,  or  the 
obstacles  it  has  had  to  encounter  in  reaching  the  hearer. 

Continuous  sounds  have  another  quality  different  from 
loudness,  yet  liable  to  be  confounded  with  it,  that  of  in- 
tensity^  by   this    is   meant   the   concentrated    penetrating 
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character  that  belongs  to  all  very  pure  sounds.  Intensity 
seems  only  to  attach  to  prolonged  sounds,  and  is  probabiy 
partly  due  to  the  force  and  length  of  each  separate  impulse 
of  which  they  are  made  up,  and  partly  to  the  perfect  equality 
and  equable  recurrence  of  these  impulses.  The  difference 
between  intensity  and  loudness  is  well  illustrated  by  com- 
paring the  sound  of  a  good  bell  with  that  of  a  gong,  selected 
to  match  it ;  the  two  when  struck  will  appear  to  the  striker 
equally  loud,  but  the  voice  of  the  bell  being  more  intense  than 
that  of  the  gong,  will  be  heard  to  a  much  greater  distance. 

It  is  possible  not  only  to  procure  different  notes  from 
two  perfectly  similar  strings,  by  stretching  them  more  or 
less  tightly,  but  conversely  to  cause  two  dissimilar  strings, 
supposing  the  difference  between  their  length  and  weight 
not  to  be  very  extreme,  to  sound  two  notes  of  the  same 
pitch.  Supposing  these  strings  to  be  of  the  same  material, 
and  therefore  to  furnish  the  same  quality  of  sound,  it  would 
be  presumable  beforehand  that  the  notes  so  sounded  would 
be  identical,  and  yet  upon  experiment  a  difference  would  be 
perceptible  which  would  not  lie  either  in  pitch,  loudness,  or 
quality,  but  in  volume  and  intensity.  The  note  produced  by 
the  heavier  string  under  the  greatest  tension  would  have  a 
more  penetrating  quality  than  that  of  the  other.  It  would 
be  heard  through  a  greater  number  of  obstacles  by  a  distant 
hearer,  and  would  more  powerfully  impress  those  near  than 
would  the  note  from  the  lighter  string. 

The  homogeneity  of  the  vibrating  body  appears  essential 
to  its  uttering  an  intense  sound.  The  bell  here  again 
affords  a  good  illustration,  for  it  is  well  known  that  any 
flaws,  or  any  inequalities  in  the  composition  of  a  bell,  mate- 
rially diminish  its  power. 

Volume  or  amplitude  is  a  quality  of  sound  that  it  is  more 
diflBcult  to  define  in  precise  words  than  almost  any  other;  it 
really  means  a  large  quantity  of  sound,  which  at  the  same 
time  may  or  may  not  be  loud,  and  results  from  one  large 
substance,  or  many  substances  together,  giving  forth  sound ; 
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tlius  there  is  more  voliiroe  in  the  notes  of  a  double  bass  than 
in  those  of  a  violin,  and  more  in  tbe  singing  of  a  chorus 
than  of  a  single  singer. 

Pitch  is  timt  variety  in  sounds  which  we  describe  in  ordi- 
nary language  as  their  being  low  or  high,  grave  or  acute, 
and  the  full  consideration  of  it  belongs  to  the  following 
section.  In  continuous  sounds  this  is  due  to  the  greater  or 
less  rapidity  of  the  repetitions  that  compose  them,  but  iu 
otlier  sounds  there  is  a  variety  of  pitch  that  must  arise  from 
some  quality  of  the  material  itself,  or  the  mode  of  eliciting 
its  sound.  To  account  for  the  pitch  of  sudden  sounds,  Savart 
suggests  that  perhaps  repeated  impulses  or  vibrations  ac- 
company all  audible  sounds,  even  the  very  shortest.* 

The  distinctness  of  sounds  requires  no  description;  it  is, 
however,  desirable  to  point  it  out  for  separate  notice, 
because  loss  of  distinctness  is  more  frequently  produced  by 
buildings  than  any  other  injurious  effect,  and  because  to 
some  extent  in  music,  and  to  a  great  extent  in  speaking,  dis- 
tinctness is  indispensable  to  the  satisfaction  of  the  hearers. 

As  regards  noise  Chladni,  perhaps  the  best  authority, 
admits  that  nothing  certain  is  known  as  to  its  nature,  any 
more  than  as  to  the  nature  of  tone  (or  quality)  ;  he  con- 
jectures, however,  that  noise  may  result  from  entirely  irre- 
gular impulses  or  agitations  of  the  air,  and  that  tone  may  be 
pure  musical  sound,  varied  by  the  occurrence  along  witli 
the  regular  vibrations  which  constitute  a  musical  note,  of  a 
certain  amount  of  irregular  or  uneven  agitations. f 

Music  depends  entirely  upon  the  relations  that  subsist  in 
pitch  between  different  sustained  sounds  or  notes,  and  upon 
the  momentai-y  impression  of  one  note  or  chord  resting  in 
the  memory  or  the  ear  when  the  next  is  sounded.  It  is  not 
isolated  notes,  of  however  fine  a  quality,  but  the  succession 
of  such  sounds  or  the  blending  them  together  that  forms 
music;    hence   in   all   music   there   must  be  some  relation 

*  Institut.  No.  285.  t    Traite  d'Acoustique,  sects.  1  and  31. 
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between  each  note  or  chord,  except  the  first  of  a  passage  and 
those  that  have  gone  before,  and  some  recollection  of  them. 
In  articulate  speech,  on  the  other  hand,  each  syllable  is  a  dis- 
tinct concatenation  of  two  or  more  sounds  only,  and  though 
it  may  be  combined  with  other  syllables  to  make  a  word,  yet 
it  in  no  way  depends  upon  them  for  its  own  completeness. 

Hence  upon  no  music,  however  rapid,  can  the  consequences 
of  prolonging  the  impression  of  sounds  beyond  the  time  that 
they  themselves  actually  last,  exercise  so  injurious  an  influ- 
ence as  upon  spoken  words,  where  each  syllable  ought  to 
be  heard  distinctly  and  separately,  and  where  only  the  com- 
binations of  letters  that  go  to  form  single  syllables  could  at 
all  bear  to  be  run  together. 

It  is  foreign  to  our  purpose  to  give  here  any  analysis  of 
the  organs  of  speech,  or  of  the  different  sounds  they  can 
utter;  we  can  only  indicate  this  broad  difference  existing 
between  music  (including  singing)  and  speaking,  because  it 
will  be  afterwards  shown  that  a  degree  of  resonance  is  ad- 
vantageous to  music  rooms,  which,  on  account  of  its  tendency 
to  injure  distinctness,  would  be  quite  inadmissible  in  such 
apartments  as  are  required  for  speaking. 

(3.)  "  When  rapid  successive  impressions  on  the  ear 
follow  at  regular  intervals,  a  continuous  sound  is  heard  (the 
pitch  of  which  depends  on  the  frequency  of  the  repetitions). 
Such  notes  are,  in  all  but  exceptional  cases,  caused  by  the 
vibrations  of  some  elastic  body." 

"  If,"  says  Dr.  Arnott,  "  a  wheel  with  teeth  be  made  to 
turn  and  to  strike  a  piece  of  quill  with  every  tooth,  it  will, 
when  moved  slowly,  allow  every  toothto  beseen  andeveryblow 
to  be  separately  heard,  but  with  increasing  velocity,  the  eye 
will  lose  sight  of  the  individual  teeth,  and  the  ear,  ceasing  to 
perceive  the  separate  blows,  will  at  last  only  hear  a  smooth 
continuous  sound  called  a  tone,  of  which  the  character  {i.e. 
pitch)  will  change  with  the  velocity  of  the  wheel."  * 


Elements  of  Physics,  Part  III.,  sect.  4. 
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la  this  instance,  and  in  some  few  others,  the  sound  is 
produced  artificially,  but  in  nature,  nearly  if  not  quite  the 
whole  of  the  continuous  sounds  that  meet  our  ears  are  due 
to  the  vibration  of  elastic  bodies ;  and  when,  as  in  the  ring 
of  a  bell,  or  the  note  of  a  harp-string,  the  sound  continues 
for  a  length  of  time  after  apparently  only  a  single  exciting 
impulse,  it  is  really  caused  by  the  series  of  separate  impulses 
rising  in  the  vibrations  of  the  metal  or  the  cord,  and  con- 
veyed separately  and  singly  to  the  ear,  along  whatever 
medium  ia  employed  as  a  conductor. 

A  wire  or  cord  stretched  between  two  fixed  points,  is  the 
most  familiar  instance  of  an  elastic  body  in  a  condition  to 
vibrate.  Should  it  be  pulled  aside  and  then  let  go,  it  will 
be  seen  not  only  to  return  to  its  straight  position,  but  to  fly 
to  nearly  as  far  on  the  other  side  as  it  had  been  originally 
drawn  to  this  side ;  and  it  will  continue  to  move  to  and  fro 
for  some  time ;  each  journey  traversing  rather  less  space 
than  the  last,  and  moving  less  rapidly,  and  consequently 
with  less  force ;  but  as  long  at  its  length  and  its  tension 
remain  unaltered,  its  vibrations  will  all  occupy  the  same  space 
of  time.  Consequently  a  continuous  note  wiU  be  heard,  the 
pitch  of  which  will  remain  the  same  as  long  as  the  vibrations 
continue,  but  the  loudness  of  which  will  diminish  as  the 
motions  of  the  cord  become  less  vigorous ;  while  the  quality 
of  the  sound  will  depend,  as  has  already  been  observed,  upon 
the  material  of  which  the  vibrating  cord  has  been  composed. 

Should  the  cord  be  shortened,  or  should  it  be  stretched 
more  tightly,  its  vibrations  when  excited  will  become  more 
frequent,  and  the  resulting  sound  will  have  what  is  called  a 
higher  pitch.  The  same  result  would  be  obtained  could 
the  cord  be  rendered  lighter.  The  strings  of  a  harp  present 
an  illustration  of  what  has  just  been  said — those  that  sound 
the  lowest  notes  will  be  found  to  be  both  the  longest,  the 
loosest,  and  the  heaviest,  while  the  strings  that  when 
touched  give  the  highest  notes  are  the  thinnest,  the 
shortest,  and  the  most  tightly  stretched. 
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Many  of  the  bodies  capable  of  conducting  sound  are  also 
capable,  when  properly  set  in  vibratory  motion,  of  emitting 
it ;  and  nowhere  is  this  so  remarkable  as  in  the  air,  for  as 
the  air  is  the  vehicle  of  sound  the  most  familiar  to  us,  so  is 
it  also  employed  in  the  production  of  the  most  important, 
and  by  far  the  most  beautiful  sounds  in  nature. 

If  a  column  of  air  in  a  pipe  closed  at  the  ends  receive  an 
impression  that  sets  it  in  motion,  a  pulse  will  be  excited  in 
it  that  will  travel  to  and  fro  from  end  to  end  of  the  pipe, 
causing  at  each  extremity  alternate  dilations  and  compres- 
sions of  the  contained  air,  while  in  the  centre  no  variations 
in  its  density,  but  considerable  movement  to  and  fro  of  its 
particles,  will  exist.  Should  such  an  impulse,  recurring  at 
frequent  intervals,  be  kept  up  by  any  suitable  agitation,  the 
result  of  this  movement  going  on  in  the  pipe,  will  be 
that  a  sound  will  be  emitted,  the  pitch  of  which  is  propor- 
tionate to  the  distance  from  end  to  end  of  the  pipe  :  because 
as  motion  can  only  be  transmitted  at  a  certain  speed  through 
air,  it  will  require  a  definite  time  for  the  pulse  to  make  a 
journey.  Each  journey  will  cause  a  distinct  sonorous  im- 
pulse to  be  emitted,  and  upon  the  number  of  these  journeys 
in  a  second  depends  the  pitch  of  the  sound  heard ;  just  as 
when  a  string  is  vibrating,  the  pitch  of  its  note  depends  upon 
the  number  of  excursions  of  the  string  in  a  second. 

If  the  agitation  in  the  pipe  be  made  more  intense,  a  point 
will  be  reached  at  which  the  air  will  divide  itself  into  two  equal 
lengths — the  point  of  separation  being  technically  termed 
a  node — and  in  each  half  of  the  pipe  vibrations  will  go 
on  precisely  as  would  occur  in  a  pipe  half  the  length.  As 
these  pulses  have  only  half  as  far  to  go,  but  travel  at  the 
same  unalterable  speed,  two  of  them  will  be  heard  where 
one  was  before,  and  the  note  bearing  the  relation  to  the 
first  one  of  2  to  1 ;  that  is  to  say,  the  octave  above  it  will 
become  audible.  The  next  note  that  can  be  produced  by 
more  vigorous  agitation  is  that  following  the  division  of 
the  pipe  into  three  lengths   by  the  establishment  of  two 
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nodes,  and  will  be  the  twelfth  above  the  key-note.  Pipes 
80  closed  are  not  in  common  use  as  musical  instruments, 
but  are  in  use  as  organ-pipes,  and  on  any  "  stopped  "  organ- 
pipe  the  plienomeua  we  have  described  can  be  produced  by 
blowing  through  it  with  greater  or  less  force.  Jf,  however, 
tliis  pipe  were  cut  in  two  in  the  centre,  and  half  taken 
away,  the  agitation  being  kept  up,  the  result  would  be  that 
the  same  fundamental  note  would  still  be  heard ;  the  dis- 
tance from  the  open  end  of  this  half  pipe  to  its  closed  end 
and  hack  again  now  becomes  the  measure  of  the  journey 
each  pulse  has  to  make,  and  this  it  will  be  seen  at  a  glance 
is  the  same  as  the  length  of  the  original  pipe  ;  consequently, 
a  pipe  open  at  one  end  must  only  be  half  as  long  as  one 
open  at  both  ends,  to  give  the  same  notes,  or  if  of  the  same 
length  will  give  a  note  an  octave  lower.  This  form  of  a 
vibrating  column  of  air  is  familiar  enough  to  us  in  nearly 
all  musical  wind  instruments  —  the  flute,  or  the  clarinet 
for  instance,  and  in  many  organ-pipes.  A  column  of  air  in 
a  tube  open  at  both  ends  can,  with  some  difficulty,  be  made 
to  emit  sound.  When  it  does  so,  a  node  is  formed  in  the 
centre,  and  its  pulses  are  consequently  only  half  as  long  as 
those  of  the  pipe  stopped  at  one  end,  its  note  is  therefore 
an  octave  higher  than  that  of  such  a  pipe,  but  the  same  as 
that  of  a  pipe  of  the  same  length  stopped  at  both  ends. 

In  some  musical  instruments,  like  the  clarinet,  a  "  reed  " 
is  employed,  and  in  others,  like  the  flute,  merely  a  column  of 
air  blown  against  that  in  the  tube,  to  keep  up  the  sonorous 
agitations,*  and  in  most  there  are  holes  pierced,  by  uncover- 
ing which  nodes  are  caused  to  form  themselves  which  alter 
the  length  of  the  internal  undulations,  and,  consequently, 
the  pitch  of  the  note  given  out ;  while,  if  the  degree  of  force 
with  which  the  instrument  is  blown  is  increased,  a  series  of 


•  No  doubt  the  passage  of  the  air  through  those  musical  instruments 
which  are  blown  into  from  one  end  tends  to  alter  the  resulting  sound  ;  but 
the  influence  of  this  circumstiince  on  the  pitch  is  but  slight,  and  it  is 
chiefly  of  advantage  in  the  impulse  it  gives  to  the  sound  when  it  leaves  the 
tube  in  which  it  is  produced. 
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notes,  one  or  even  two  octaves  higher,  is  obtained.  The 
pipes  of  an  organ  present  the  simplest,  and  the  tones  of  the 
human  voice  the  most  complicated  and  subtile,  instances  of 
musical  notes  resulting  from  the  vibrations  of  a  column  of 
air.  Such  vibrations  at  times  occur  in  columns  of  air  of 
vast  size — such  as  that  contained  in  a  church  or  a  room — 
and  in  that  case,  when  a  sonorous  agitation  is  excited  by 
any  cause,  a  note  distinctly  recognisable  by  a  good  musical 
ear  becomes  more  or  less  clearly  heard  ;  this  is  known  as  the 
"note  of  the  room,"  and  is  a  matter  of  frequent  observation. 

It  must  not  be  forgotten  that  a  subdivision  of  the  primary 
undulations  just  like  this  division  of  a  vibrating  column  of 
air  by  nodes  into  smaller  portions,  constantly  takes  place  in 
vibrating  cords,  and  in  almost  all  vibrating  bodies;  and 
further,  that  two  or  three  distinct  sets  of  vibrations  can 
coexist  in  the  same  body,  and,  in  fact,  almost  invariably  do 
establish  themselves,  so  that  a  person  of  acute  musical  ear 
can  almost  always  detect  in  the  vibrations  of  a  cord,  or 
still  better  in  those  of  a  bell,  not  only  the  fundamental  note 
due  to  the  dimensions,  weight,  and  tension  of  the  cord  or 
the  bell,  but  also  the  note  an  octave  above  it,  together  with 
the  twelfth,  and  even  the  sixteenth  or  double  octave.  These 
notes  are  called  the  harmonies  to  the  principal  note. 

An  elegant  instrument  has  been  invented  for  measuring  the 
actual  number  of  vibrations  in  a  second  in  any  musical  note  ; 
it  is  called  the  Sirene,  and  consists  of  a  wind-chest,  kept  filled 
with  air  by  proper  bellows,  and  having  an  opening  in  its  lid 
for  the  escape  of  the  air  that  is  blown  into  it.  Over  this 
opening  a  disc  is  fixed,  pierced  with  a  series  of  holes  and 
mounted  on  a  centre,  so  that  when  the  disc  is  turned,  each 
hole  in  succession  will  pass  over  the  opening  in  the  wind- 
chest,  which  the  disc  at  other  times  closes,  and  thus  let  out 
a  puff  of  wind  ;  and  as  machinery  is  applied  by  which  any 
required  number  of  rotations  per  second  can  be  given  to  the 
disc,  it  is  possible  to  obtain  any  desired  number  of  shocks  on 
the  air  per  second.  The  Sirene  produces  distinct,  clear  notes, 
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capable  of  being  compared  with  the  notes  of  any  musical 
instrument ;  and  by  this  instrument  it  has  been  determined 
that  the  A  on  the  treble  cleff  requires  880  single  vibrations 
of  a  string  or  other  sounding  body,  and  that  the  compass 
of  the  human  voice  ranges  from  notes  requiring  396 
vibrations  up  to  2112  per  second.  The  ordinary  range  of 
sounds  audible  to  the  human  ear  was  stated  by  Euler  to 
extend  from  a  range  of  30  vibrations  of  an  ordinary  cord, 
up  to  7552  per  second.  By  care,  however,  it  has  since 
been  found  by  Mons.  Savart  to  be  possible  to  produce 
audible  notes  having  as  few  as  14  or  15  single  vibrations 
in  a  second,  and  up  to  as  many  as  48,000.* 

The  perception  of  a  single  musical  note  by  the  ear  may 
be  compared  to  the  impression  made  on  the  eye  by  a  series 
of  equidistant  dots  ranged  in  a  line.  If  two  notes  of 
different  pitch,  sounded  together,  are  represented  by  lines 
of  dots  placed  above  one  another,  we  shall  perceive  that 
where  the  dots  bear  a  numerical  relation  to  one  another 
there  is  a  symmetry  in  tlie  appearance  of  the  two  lines, 
which  does  not  occur  otherwise.  Similarly  in  music,  when 
two  notes  are  sounded  together,  the  concord  is  pleasing  if 
the  number  of  vibrations  in  one  bears  some  very  simple 
numerical  relation  to  the  other,  so  that  every  second  or 
third,  or  fourth,  impulse  of  one  note  will  coincide  with  one 
of  the  other  note ;  and  the  more  simple  that  relation,  the 
more  complete  the  concord.  Thus,  the  octave  of  any  note, 
which  is  a  note  so  much  allied  to  the  original  as  to  be  held 
to  be  a  repetition  of  it,  contains  always  exactly  double  the 
number  of  vibrations ;  that  is  to  say,  if  there  are  four  vibra- 
tions of  any  note  in  the  hundredth  part  of  a  second,  the 
string  sounding  an  octave  above  that  note  will  have  eight 
vibrations  in  the  same  time. 

The  next  most  consonant  interval  is  the  fifth,  and  in  this 
the  vibrations  bear  the  relation  to  one  another  of  two  to 


•  Pouillet,  Liy.  v.  chap.  2,  sects.  36,  38  ;  Somerville,  pp.  150,  161. 
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three,  or  four  to  six ;  that  is  to  say,  starting  as  before  from 
four  vibrations  in  a  given  time,  the  note  a  fifth  above  that 
will  give  in  the  same  time  six  vibrations. 

The  vibrations  of  the  notes  of  a  major  third  stand  to  each 
other  in  the  less  simple  relation  of  four  to  five,  and  accord- 
ingly this  interval,  though  consonant,  is  not  so  perfect  in 
accordance  as  the  other  two  referred  to. 

Dissonant  intervals  are  those  where  the  vibrations  will 
very  seldom  coincide ;  as,  for  example,  the  seventh,  where  the 
vibrations  stand  in  the  relation  of  fifteen  to  eight,  so  that 
the  coincidences  between  them  occur  but  rarely ;  and  the  less 
simple  the  numerical  relation  between  two  or  more  notes,  the 
less  harmonious  will  they  be  when  sounded  together.     By 


FIFTH     I     OR      I 


MAJOR       THIRD 


SEVENTH 

Fig.  1. 

thus  following  out  the  indications  given  by  the  numerical 
values    of    different   notes,   the    theory    of   music   can   be 


THE    SCIENCE    OF    ACOUSTICS.  15 

analysed,  and,  to  a  great  extent,  explained.  Those  who 
wiah  to  pursue  this  subject  will  find  it  ably  investigated  in 
Herschel's  treatise,  Encyc.  Metr.  sec.  208  to  20 1. 

Very  elaborate  inquiries  and  most  beautiful  experiments 
have  been  instituted  on  the  modes  of  vibration  peculiar  to 
different  substances  and  differently-shaped  bodies,  such  as 
plates,  bars,  strings,  rods,  or  the  air  in  tubes,  to  show  the 
relations  between  their  movements  and  the  sounds  that  can 
be  obtained  from  them ;  in  fact,  vibration  or  undulation  is 
so  intimately  connected  with  sound  that  the  one  is  looked 
upon  by  scientific  men  as  almost  inseparable  from  the 
other.  It  is  not,  however,  essential  to  the  practical  applica- 
tion of  acoustics  to  buildings  that  this  investigation  should 
be  entered  upon,  notwithstanding  that  it  is  one  of  the  most 
elegant,  beautiful,  and  interesting,  but  at  the  same  time  one 
of  the  most  subtile  within  the  range  of  physical  science.* 

Peopagation  of  Sound. 

(4.)  "Sound  is  conveyed  most  frequently  through  the 
atmosphere,  but  nearly  all  bodies  will  transmit  it." 

We  are  so  accustomed  to  hear  through  the  atmosphere, 
that  sometimes  it  has  been  held  that  the  presence  of  air 
was  indispensable  to  the  production  or  propagation  of 
sound :  this,  however,  is  not  strictly  true.  Air  withiu  the 
cavities  of  the  ear  is  indeed  the  usual  medium  through 
w  hich  the  sound  travels  from  the  outer  ear  to  the  tympanum, 
though  the  bones  of  the  head  sometimes  conduct  it ;  but  in 
n)any  cases  the  sound  from  the  place  of  its  production  till  it 
actually  reaches  the  hearer,  traverses  only  some  solid  or  fluid 
conductor,  as,  for  example,  a  bar  of  metal  or  a  log  of  wood. 

Any  medium,  whatever  it  be,  which  conveys  the  sensation 
of  motion  to  the  ear,  conveys  the  sensation  of  sound ;  and 
those  substances  through  which  sound  penetrates  with  diffi- 


*  Consult  the  works  of  Chladni,  Savart,  and  Wheatstone,  enumerated  in 
the  list  of  books  of  reference. 
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culty — as,  for  example,  sand  or  felt — are  just  sucli  as  are 
least  fitted  to  convey  unimpaired  the  impression  of  a  sudden 
rapid  movement,  the  converse  being  true  also. 

The  air  is  that  conductor  of  sound  to  which  we  are  the 
most  accustomed,  and  with  which  we  have  the  most  concern  ; 
but  though  the  most  familiar,  it  is  neither  the  only  nor  the 
best  transmitting  medium.  Sound  is  conveyed  both  more 
rapidly  and  to  greater  distances  through  metals,  through 
M'ater,  or  even  through  the  earth.  A  remarkable  illustra- 
tion of  this  fact  was  afforded  by  an  experiment  of  M.  Biot 
on  a  cast-iron  tube  of  large  diameter,  about  1000  yards 
long.  On  striking  a  blow  at  one  end  of  this,  the  observer 
heard  two  sounds  at  the  other,  the  first  being  that  trans- 
mitted through  the  iron,  and  the  second  that  transmitted  at 
a  slower  rate  through  the  air  in  the  tube :  careful  observa- 
tions showed  that  the  sound  traversed  the  iron  at  about  ten 
and  a-half  times  its  speed  in  air.* 

CoUadon  and  Sturm,  in  their  experiments  on  the  Lake  of 
Geneva,  found  that  sounds  made  and  heard  under  water 
were  transmitted  more  rapidly  than  in  the  air,  and  to  great 
distances,  for  they  succeeded  in  hearing  the  sound  of  a  bell 
struck  nine  miles  away;  but  the  sounds  heard  were  very 
dissimilar  to  those  the  same  bell  would  emit  in  the  open  air, 
being  short,  sharp,  and  harsh.  Wheatstone's  experiments 
with  solid  conductors  demonstrate  that  they  do  not  alter  the 
sounds  they  convey. J 

"  Solids,"  says  Herschel,  "  if  elastic,  are  equally  well  or 
better  adapted  for  the  conveyance  of  sound  with  fluids.  By 
elasticity  in  a  solid  is  not  meant  a  power  of  undergoing 
great  extensions  and  compressions  after  the  manner  of  air 
or  India  rubber,  and  returning  readily  to  its  former  di- 
mensions ;  but  rather  what  is  commonly  called  hardness  in 
contradistinction  to  toughness,  a  violent  resistance  to  the 
displacement  of  the  molecules  inter  se  in  all   directions. 


*  Mem.  de  la  Soc.  d'Aicueil,  Tome  II.,  p   403. 
t  Joum.  of  Royal  Society,  1831. 
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Thus  the  hardest  solids  are,  generally  speaking,  the  most 
elastic,  as  glass,  steel,  and  the  hard,  brittle  alloys  of  copper 
and  tin  of  which  mirrors  are  made ;  and,  in  proportion  as 
they  are  so,  they  are  adapted  to  the  free  propagation  of 
sound  through  their  substance."     Encyc.  Metr.,  sec.  104. 

(5.)  "  Sounds  traverse  the  air  at  an  uniform  rate  of  speed, 
but  with  a  constantly  diminishing  strength  ;  they  naturally 
follow  a  straight  course,  but  their  direction  is  liable  to  be 
modified  by  the  objects  they  meet ;  they  are  subject  to  he 
reflected,  deflected,  conducted  or  absorbed." 

The  rate  of  speed  of  sounds  in  the  atmosphere,  it  is  proper 
to  observe,  depends  upon  the  density  of  that  medium,  and 
therefore  is  subject  to  vary  with  the  fluctuations  of  tempera- 
ture and  humidity.  It  is,  however,  invariably  the  same  for 
the  same  density,  and  therefore  may  be  considered  as  prac- 
tically uniform;  the  actual  velocity  has  been  repeatedly  and 
very  carefully  measured,  and  the  best  experiments  show  that 
in  dry  air,  and  at  freezing  temperature,  sound  travels  at  the 
rate  of  1090  feet  or  363  yards,  and  at  62°  Farenheit,  1125 
feet,  or  375  yards  in  a  second,  which  latter  rate  equals 
9000  feet  in  eight  seconds,  or  12|-  miles  in  a  minute,  or  765 
miles  in  an  hour. 

Where  a  sound  is  travelling  through  open  space,  especially 
if  it  be  one  that  has  no  particular  initial  direction  imparted 
to  it,  it  rapidly  decays  as  it  becomes  more  and  more  ex- 
tended, and  ultimately  it  ceases  to  be  audible.  It  will  be 
readily  understood  that  this  must  be  the  case,  because  the 
surface  over  w' hich  the  force  of  the  original  impulse  is  spread 
is  constantly  widening  as  the  distance  from  the  centre  in- 
creases, so  that,  as  the  sound  becomes  more  and  more  at- 
tenuated, the  quantity  of  it  which  enters  any  given  aperture, 
as,  for  instance,  the  opening  of  a  human  ear,  or  a  hearing 
trumpet,  will  be  proportionately  weaker.  Supposing,  for 
instance,  that  a  sounding  body  were  completely  enclosed  in 
a  hollow  ball,  the  entire  surface  of  which  measured  10  square 
inches.     If  a  hole  of  a  square  inch  in  surface  were  opened. 
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an  ear  listening  at  that  opening  would,  neglecting  echo  and 
other  disturbing  causes,  hear  one-tenth  of  the  whole  sound 
emitted ;  but  supposing  it  transferred  to  a  larger  sphere  of 
one  hundred  inches  surface,  an  auditor  will  now  only  hear 
through  a  hole  an  inch  square  one  hundredth  part  of 
the  total  sound,  and  will  require  to  collect  through  a 
hearing  trumpet  the  sound  escaping  through  ten  such 
holes  before  he  hears  as  loud  a  sound  as  at  the  nearer 
point.  Herschel,  after  an  investigation  of  this  subject, 
observes  : — "  We  conclude,  then,  that  the  intensity  of  sound 
decays  in  receding  from  its  origin,  as  the  square  of  the 
distance  increases.  It  is  exceedingly  difficult  to  subject  this 
law  to  satisfactory  experimental  tests." 

Where  the  lateral  dispersion  of  sound  is  prevented,  as  in  a 
speaking-tube,  for  instance,  the  decay  takes  place  very  slowly, 
and  is  due  principally  to  the  mere  weight  of  the  air,  and  the 
gradual  loss  of  power  from  that  and  other  obstacles. 

The  transmission  of  sound,  as  has  been  already  stated, 
takes  place  through  a  great  variety  of  substances,  and  the 
mode  of  its  passage  through  all  of  them,  the  atmosphere  in- 
cluded, is  not  dissimilar  to  that  by  which  any  other  physical 
impulse  is  conveyed. 

If  a  number  of  billiard  balls  be  placed  on  a  table,  ranged 
in  a  straight  line,  and  touching  one  another,  the  force  of  a 
smart  blow  in  the  direction  of  that  line  will  be  conveyed 
through  the  whole  series  of  balls,  and  will  reach  the  last 
one,  which  will  fly  off  much  as  it  would  have  done  had  it 
been  itself  struck. 

It  is  easy  to  perceive  that,  rapidly  as  the  impulse  must 
have  travelled,  it  really  did  occupy  some  space  of  time,  and 
did  pass  through  all  the  balls  in  succession,  and  that  each  in 
turn  was  subject  to  its  influence  and  more  or  less  com- 
pressed by  it,  and  then  having  transmitted  the  impulse  to 
the  ball  adjoining,  recovered  entirely  its  normal  condition. 
Now,  if  we  can  consider  these  balls  as  particles  of  matter 
arranged  in  a  straight  line  between  any  sounding  body  and 
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the  ear  of  an  auditor,  we  have  a  very  simple  illustration  of 
what  actually  occurs  in  every  instance  of  the  transmission  of 
sound. 

Supposing,  further,  an  infinite  number  of  such  lines  radi- 
ating through  a  vast  series  of  balls,  and  that  an  impulse  not 
acting  along  one  line,  but  along  the  whole  series  of  lines  at 
the  same  moment,  and  with  the  same  force,  were  to  be 
excited,  we  can  conceive  that  as  on  every  one  of  the  ra- 
diating lines,  the  transmitted  impulse  would  be  at  any 
given  moment,  at  the  same  distance  from  the  centre  there 
would  be  constantly  a  circle  of  balls  under  momentary  com- 
pression, and  this  circle  would  at  each  instant  become  a 
larger  one. 

Tliis  too,  it  can  be  readily  understood,  is  actually  the  case 
with  the  particles  of  air  or  of  any  other  fluid  medium 
that  surrounds  a  sounding  body ;  and  this  zone  of  com- 
pression, which  goes  extending  further  and  further  away  into 
space,  is  usually  called  a  wave  of  sound,  just  as  any  line  along 
which  the  particles  become  one  after  the  other  successively 
compressed  is  called  a  ray  of  sound. 

This  illustration  has  designedly  been  preferred  to  the 
commonly  adduced,  and  on  the  whole  correct,  example  of 
waves  on  the  surface  of  still  water,  forming  rings  that  go 
constantly  widening  away  from  any  point  where  a  disturb- 
ance occurs.  These  waves  appear  to  have  been  so  often 
compared  to  sound-waves  that  the  essential  difference  be- 
tween them  is  forgotten.  The  water-waves  are  zones 
of  up  and  down  motion,  spreading  over  the  surface  of  a 
fluid.  The  sound-waves  in  air  are  hollow  spheres,  of 
alternate  compression  and  dilation,  extending  through  its 
whole  substance ;  a  displacement  of  particles  occurs,  it  is 
true,  but  it  is  only  a  very  slight  one,  and  each  undulation  is 
completed  by  the  medium  returning  to  its  original  condition, 
and  all  its  particles  resuming  their  original  place,  such  move- 
ment as  has  taken  place  having  been,  however,  not  up  and 
down,  as  is  the  case  in  the  surface  waves  of  water,  but  to 
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and  fro.  A  wave  of  sound,  even  the  most  powerful,  is  to  be 
considered  not  in  the  light  of  an  actual  displacement  of  the 
substance  of  the  medium,  but  as  a  rapid  passing  through  it 
of  a  momentary  change  of  condition  affecting  each  portion 
that  it  reaches  for  an  infinitely  short  space  of  time,  and  then 
passing  beyond  and  leaving  quiescence  behind  it. 

If  this  be  a  correct  view,  it  is  not  difficult  to  understand 
bow,  with  the  most  perfect  quiescence  of  the  air  as  far  as  the 
eye  or  the  outward  sensations  can  judge,  the  most  powerful 
impulses  may  be  in  the  act  of  transmission,  like  a  current 
of  electricity  passing  along  a  galvanic  wire.  If  this  zone 
of  compression  in  the  atmosphere  has  to  pass  through  any 
thin  medium,  itself  elastic  and  stretched  like  the  head  of  a 
drum,  and  then  is  received  by  a  continuation  of  the  original 
atmosphere,  it  may  be  expected  in  its  transmission  to  afiect 
this  interposed  body  very  sensibly ;  and  this  is  precisely  the 
arrangement  which  has  been  provided  in  the  human  ear  for 
receiving  the  impression  of  all  impulses  of  sound.  Infinitely 
inferior  in  sensibility  to  this  beautiful  apparatus  as  is  the 
sense  of  touch  in  our  fingers,  it  is  nevertheless  practicable 
to  render  the  vibrations  of  even  an  ordinary  human  voice 
sensible  to  the  touch  by  collecting  them  together  on  an 
elastic  surface.  If  a  broad  sheet  of  glass  or  a  glass  shade  be 
held  in  both  hands,  and  slowly  raised  to  the  level  of  the  mouth 
while  speaking,  as  soon  as  it  rises  high  enough  to  catch  the 
vibrations  of  the  sound  it  will  be  felt  to  tremble  with  every 
word  spoken. 

As  a  correct  conception  of  the  nature  of  the  propagation 
of  sound  in  the  atmosphere  is  of  fundamental  importance,  it 
may  be  well  to  add  a  further  illustration  of  the  nature  of 
a  sound-wave,  slightly  abridged  from  the  lucid  explanation 
given  by  Pouillet.* 

Suppose,  then,  we  have  a  horizontal  tube  open  at  the  ends 
t,  if,  say  10,000  feet  long,  and  one  inch  in  diameter,  filled 

*  Cours  de  Physique,  Liv.  v.  chap.  i. 
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with  air  at  an  uniform  temperature  and  pressure,  and  that  a 
close-fitting  piston  p  can  in  a  second  of  time  be  pushed 
from  p  to  8,  a  distance  of  one  inch.  ^  ^ 

During  the  passage  of  the  piston  from  p  to  *, 
the  condition  of  the  air  in  the  tube  undergoes 
certain  modifications.  To  investigate  these,  let 
us  suppose  all  the  particles  of  air  to  remain  fixed 
in  the  position  and  condition  they  occupy  at  the 
moment  tlie  piston  stops  at  8. 

Had  the  tube  been  occupied  by  a  perfectly 
hard  body,  an  inch  of  that  body  would  have  pro- 
jected from  the  end  of  the  tube  at  the  moment 
the  piston  had  completed  its  inch  of  motion; 
but  there  is  no  perfectly  hard  body,  and  air  is 
a  very  fluid  and  very  compressible  body;  con- 
sequently, when  the  piston  pushes  upon  one  end 
of  the  column  of  air  the  other  end  cannot  obey 
at  the  same  instant.  Time  is  necessary  for  the 
impulse  to  arrive;  and  with  such  a  length  of 
tube  as  we  have  supposed,  it  can  be  safely  af- 
firmed that  no  particle  of  air  has  left  the  open 
end  fy  while  the  piston  has  travelled  to  8.  The  HIil 
air  in  the  pipe  is  therefore  compressed^  for  it  oc- 
cupies an  inch  less  space  than  it  did  before. 
Further,  it  is  unequally  compressed,  for  as  the 
impulse  has  not  yet  reached  the  mouth  of  the 
tube,  only  a  portion  of  the  air  is  as  yet  aff'ected. 
Let  that  portion  be  supposed  to  reach  to  a;  then 
the  air  between  a  and  the  extremity  f  is  in  its 
normal  condition,  but  the  space  between  the 
piston  and  a — namely,  s  a — is  a  wave  of  sound 
whose  length  would  be  described  to  be  equal  to 
the  distance  from  s  to  a. 

Now,  let  us  examine  the  condition  of  this  wave 
8  a,  and  for  this  purpose  let  us  suppose  it  divided  into  slices 
parallel  to  the  piston.    Two  things  are  obvious  about  it — 


Fig.  2. 
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first,  that  all  its  particles  have  been  compressed ;  secondly, 
that  all  of  them  have  received  an  impulsive  motion  away  from 
the  source  of  motion,  the  piston. 

It  is  clear  that  the  different  slices  of  the  entire  wave  can- 
not all  of  them  be  in  the  same  state ;  that  one,  for  instance, 
nearest  to  a  can  have  only  undergone  a  very  slight  displace- 
ment and  a  very  slight  compression,  for  the  disturbance  has 
but  just  reached  it.  The  first  slice  again,  that  at  s,  nearest 
the  piston,  is  already  on  the  point  of  reaching  a  state  of  rest, 
for  we  are  now  investigating  the  phenomena  at  the  moment 
the  piston  stops ;  and  as  this  slice  has  no  longer  any  motion, 
so  also  it  is  under  no  compression — it  has  already  trans- 
mitted all  it  liad.  On  the  other  hand,  those  slices  towards 
the  centre  of  the  wave  are  at  once  subject  to  the  greatest 
compression  and  the  most  rapid  motion. 

Supposing  now  the  piston  to  remain  at  5,  let  us  see  what 
will  happen  during  the  moments  of  time  that  follow  its 
arriving  there.  The  air  compressed  for  an  instant  between 
s  and  a  will  not  remain  in  that  state  ;  after  a  certain  time, 
the  extremity  of  the  pipe  being  open,  the  excess  of  air  will 
leave  the  pipe  and  the  whole  column  return  to  a  state  of 
repose.  The  compression  and  the  displacement  will  therefore 
be  propagated  onward  to  the  mouth  of  the  pipe,  and  the 
mode  of  propagation  will  be  as  follows  :  by  the  end  of  the 
first  instant  of  the  second  second  the  compression  will  have 
seized  upon  a  first  slice  to  the  right  of  a,  and  at  the  same 
instant  an  equal  slice  adjoining  the  piston  will  have  recovered 
its  repose ;  by  the  end  of  the  second  instant  a  second  slice  in 
front  of  a  will  have  been  seized,  and  a  second  slice  in  front 
of  the  piston  will  have  recovered  its  repose,  and  so  on  till  at 
the  end  of  the  second  second  the  air  between  the  piston  and 
a  is  entirely  at  rest,  having  recovered  its  normal  condition ; 
that  between  a  and  h  is  compressed,  and  that  between  h  and 
the  end  of  the  pipe  still  remains  undisturbed  ;  and  further, 
the  different  slices  of  air  between  a  and  h  are  in  analogous 
conditions  to  those   of  the  corresponding  slices  a  second 
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l)tfoie  between  the  piston  and  o,  so  that  the  wave  advances, 
HO  to  speak,  as  a  whole,  preserving  its  various  characteristics 
ill  its  entire  length,  just  as  we  have  previously  described  the 
pressure  advancing  through  a  scries  of  billiard  balls. 

It  would  be  easy  to  show  that  on  drawing  back  the  piston 
from  «  to  ^  a  reversed  movement  wouM  take  place,  the 
wave  being  now  a  rarefied  wave  instead  of  a  condensed  one, 
of  exactly  the  same  length  as  the  condensed  wave,  and 
capable  of  being  divided  into  slices  like  the  other,  with  the 
uniform  result  in  each  case,  that  in  the  centre  of  the  wave 
the  movement  and  rarefaction  will  be  at  their  greatest,  and 
towards  the  ends  they  will-diminish. 

All  ordinary  vibrations,  as  of  a  musical  string,  for  example, 
propngate  alternately  a  condensed  and  a  rarefied  wave,  and 
it  is  customary  to  consider  that  these  two  waves  together 
make  one  complete  undulation,  just  as  two  excursions  of 
the  string  are  required  to  make  one  complete  vibration. 

It  will  be  noticed  that  these  undulations  have  the  pro- 
perty that  the  point  of  greatest  movement  and  greatest 
compression  or  dilatation  are  the  same.  These  are  the  undu- 
lations that  convey  sound.  When  a  body  of  air  is  in 
vibratory  motion,  so  as  to  emit  sound,  its  waves  are,  as  we 
have  already  had  occasion  to  notice,  on  page  10,  in  just  the 
opposite  condition ;  the  point  of  greatest  motion  is  the  only 
one  where  the  density  remains  unchanged,  and  the  points  of 
rest,  or  nodes,  are  those  of  greatest  compression  and  dilatation. 

The  course  taken  by  undisturbed  sounds  is  a  direct  one, 
and  though  some  of  them  radiate  to  all  sides  from  a  centre, 
the  large  majority  have  an  initial  direction  impressed  upon 
them,  and  travel  much  further  in  that  direction  than 
laterally.  "We  are  familiar  with  this  fact,  because  on  our 
own  speech  we  impress  a  direction  of  this  nature,  so  that 
we  are  always  best  heard  when  our  hearers  place  themselves 
directly  in  a  line  with  the  mouth. 

That  sound  is  subject  to  be  reflected  is  a  matter  of  familiar 
experience,  from  the  constant  recurrence  of  the  phenomenon 
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Fig.  3. 


of  echo.  The  behaviour  of  a  billiard  ball,  to  return  to  a  former 
illustration,  driven  against  the  side  of  the  table  from  which 
it  will  rebound,  will  present  a  resemblance  to  that  of  a  ray  of 
sound  striking  against  an  obstacle.     To  see  what  actually 

occurs,  we  have  only  to  sup- 
pose that  the  end  of  the 
^  pipe,  1 1'  in  the  last  illustra- 
tion, is  closed  instead  of  open. 
The  consequence  of  that 
would  be,  that,  when  the  front  of  the  wave  had  reached  t\ 
it  would  be  unable  to  advance  further ;  the  compression  at 
its  centre,  w,  would,  however,  be  propagated  onwards,  till 
in  half  a  second  the  further  progress  of  the  wave  was 
arrested  entirely.  "When  that  occurs,  the  point  of 
greatest  compression  will  be  at  ^',  the  closed  extremity 
of  the  pipe,  while  the  air  between  m  and  n  will  have  fallen 
into  repose.  This  condition  of  things  will,  however,  be 
but  momentary,  the  reaction  of  the  compressed  air  will 
immediately  originate  a  reflex  motion,  which  will  proceed 
from  n  back  towards  m ;  and  at  the  expiry  of  the  second 
half-second  the  wave  will  have  resumed  its  original  length, 
only  it  will  now  be  upon  its  return  journey  from  the  stopped 
end  back  towards  the  piston  that  originally  excited  the  motion. 
Sounds  are  also  subject  to  deflection,  that  is  to  say,  if  in 
their  course  they  encounter  an  obstacle,  they  have  a  ten- 
dency to  spread  after  having  passed  it,  and  thus  to  encroach 

upon,  and  after  a  time 
destroy,  the  sound  sha- 
dow. So  that  suppos- 
ing A  to  represent  a 
person  speaking  to- 
wards a  thick  wall,  and 
the  radiating  lines  to 
represent  the  rays  oi 
sound  from  his  voice? 
BO  much  of  the  sound  as  is  not  intercepted  by  the  wall  will 
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have  a  tendeucy  to  spread  downwards,  as  shown  by  dotted 
lines;  consequently,  although  a  person  directly  behind  the 
wall  at  B  may  perhaps  hardly  be  able  to  hear  at  all,  one 
further  off,  as  at  C,  will  certainly  hear  pretty  well,  not- 
withstanding that  the  direct  rays  of  sound,  shown  by  the  full 
lines,  pass  much  further  above  the  head  of  C  than  of  B.  This 
deflection  however,  appears  to  take  place  to  a  very  limited 
extent  in  sounds  that  have  one  direction  impressed  upon 
them,  and  are  travelling  in  parallel,  not  in  radiating  lines.* 

The  experiments  of  M.  Colladon,  on  the  lake  of  Geneva, 
show  that  sounds  propagated  under  water  are  not  deflected 
to  anything  like  the  same  extent  as  in  air,  or,  in  other 
words,  that  the  acoustic  shadow  will  be  much  stronger 
under  water  than  in  the  atmosphere. 

Besides  the  regular  dispersion  of  sound  and  its  absorption 
and  interruption,  there  seem  to  be  agencies  at  work  causing 
variations  in  its  transmission  through  the  air  that  cannot 
be  altogether  accounted  for.  It  is  matter  of  common  obser- 
vation that  sounds  are  heard  more  clearly  at  night  than  in 
the  day,  and  this  even  in  tropical  climates,  where  the  night 
is  more  alive  with  animal  life  than  the  day  so  that  the 
absence  of  disturbing  sounds  cannot  be  the  sole  cause  of 
the  greater  facility  of  hearing. 

It  is  not  surprising  that  sounds  should  be  heard  far  on  a 
frosty  day,t  as  the  greater  density  of  the  air  would  render 
this  probable ;  and  that  fogs,  falling  rain  and  snow  should 
obstruct  its  free  propagation  can  easily  be  accounted  for  by 
the  fact  that  the  air  would  not  only  be  less  dense  than  ordi- 
nary at  such  times,  but  also  less  homogeneous,  in  consequence 
of  having  aqueous  particles  of  one  sort  or  other  mixed  with 
it.  It  remains,  how^ever,  to  be  explained  why  the  sound  of 
a  distant  bell  should,  at  short  intervals  on  the  same  day, 
vary  so  much  during  the  time  of  one  experiment,  conducted 

*  In  one  of  Saunders's  experiments  on  deflection,  a  result  was  obtained 
not  quite  in  accordance  with  common  experience  ;  but  the  conditions  under 
which  the  experiment  was  made  appear  to  have  been  rather  exceptional. 

t  Herschel,  Encyc.  Met.,  art.  "Sound,"  sec.  21,  22. 
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in  still  weather,  as  to  be  alternately  almost  lost  and 
powerfully  audible,  so  that  at  one  time  it  seemed  more  distinct 
and  at  another  time  less  distinct  than  a  second  bell  much 
nearer  the  experimenter ;  or  why  sounds,  though  audible  to 
a  much  greater  distance  with  the  wind  than  against  it,  yet 
proved  audible  across  the  wind  to  a  still  greater  distance 
than  either  up  or  down  it.  These  phenomena  are,  however, 
reported  on  by  Mons.  E.  Delaroche,  in  a  paper  on  the  in- 
fluence of  wind  on  the  intensity  of  sound,*  and  appear  to 
have  been  so  accurately  and  repeatedly  observed  by  him, 
that  there  does  not  seem  ground  for  their  rejection. 

It  may  be  noted  that  humidity  in  the  atmosphere,  not 
condensed  into  fog  or  haze,  is  held  to  favour  the  propagation 
of  sound.  Admiral  Fitzroy  t  remarks,  "  Eemarkable  clear- 
ness of  atmosphere  near  the  horizon,  and  what  is  called  '  a 
good  hearing  day  '  may  be  mentioned  among  signs  of  wet,  if 
not  wind,  to  be  expected." 

As  regards  the  conduction  of  sound,  Herschel  observes  : 
"  It  is  evident,  without  entering  into  any  nice  theoretical 
considerations,  that  a  mechanical  impulse,  of  whatever 
nature,  impressed  on  any  portion  of  the  air  or  other 
medium,  whether  fluid  or  solid,  and  thence  communicated 
to  the  surrounding  parts,  if  allowed  to  spread  in  all 
directions  as  from  a  centre,  must  reach  every  more  distant 
point  with  an  energy  continually  less  and  less,  because  the 
same  quantity  of  motion  is  communicated  in  succession  to 
a  larger  and  larger  sphere  of  inert  matter;  but  if  only 
allowed  to  spread  in  certain  directions,  its  diminution  will 
be  less  rapid  in  proportion  as  the  quantity  of  matter  suc- 
cessively put  in  motion  increases  less  rapidly.  Hence  a 
sound  might  be  expected  to  be  conveyed  with  less  diminu- 
tion along  a  wall  than  in  the  open  air,  the  trough  or  angle 
between  the  wall  and  the  ground  forming,  in  fact,  two  sides 
of  a  square  pipe." 

*  "Annales  de  Physique,"  torn,  i.,  p.  176,  a.d.  1816. 
t  "  Barometer  aud  Weather  Guide,"  p.  15,  a.d.  1859. 
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An  instance  of  the  conduction  of  sounds  to  a  surprising 
distance  where  all  lateral  dispersion  is  prevented,  occurred 
in  the  experiment  of  Mons.  Biot,  on  the  iron  pipe  already 
referred  to,  for  through  it  ho  found  he  was  able  to  hear  the 
lowest  whisper  from  a  speaker  more  than  one  thousand 
yards  away,  in  the  night-time ;  in  the  day-time  it  was  not 
found  so  easy  to  communicate. 

A  remarkable  instance  of  the  conduction  of  sound  along 
smooth  walls  occurs  at  the  Whispering  Gallery  at  St. 
Paul's,  where  a  whisper,  spoken  by  any  one  with  his  face 
turned  towards  the  wall,  and  close  to  it,  is  conveyed  at  the 
same  time  in  two  opposite  directions  along  the  smooth  sur- 
face of  the  interior  of  the  cir- 
cular drum  below  the  dome. 
The  two  conducted  sounds, 
each  having  accomplished  half 
the  circuit  of  the  gallery,  ar- 
rive at  the  same  moment  atthe 
point  H,  exactly  opposite  the 
speaker  at  S,  and  a  listener  at 
that  spot  will  consequently 
hear  a  sound  twice  as  loud  as 
at  any  other  part  of  thecircuit. 
This  phenomenon  has  been  p.    ^ 

repeatedly,  but  erroneously, 

ascribed  to  reflection  ;  its  true  source  appears  to  have  been 
first  pointed  out  by  Saunders.* 

The  absorption  of  sound  is  a  phenomenon  analogous  to 
the  absorption  of  light  by  a  dark  or  black  surface,  or  to  the 
deadening  of  the  motion  of  a  moving  body  when  it  is  received 
on  a  soft  yielding  surface. 

The  same  substances  which  would  most  effectually  destroy 
and  least  reflect  the  motion  of  any  hard  body  such  as  a  ball, 
propelled  forcibly  against  them,  will  also  most  thoroughly 


*  In  his  treatise  on  Theatres.     See  also  Hutton's  "  Mathematical  Dic- 
tionary," under  the  article  *'  Whispering  places." 
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absorb  sound,  and  by  destroying  the  undulations  that  pro- 
pagate it  prevent  its  further  progress. 

6.  "There  is  a  great  similarity  between  the  laws  that  govern 
sound  and  light,  but  sometimes  the  propagation  of  sound  in 
the  atmosphere  bears  an  analogy  to  that  of  undulations  on 
the  surface  of  water."  This  proposition  is  almost  an  ampli- 
fication of  the  last  one,  but  as  it  is  of  some  importance,  on 
account  of  its  furnishing  the  architect  with  an  analogy  that 
tiay  often  be  useful  to  him,  it  seemed  right  to  give  it  a 
distinct  place. 

Sound  in  its  uniformity  of  speed,  and  in  its  decay  by 
radiation,  resembles  light ;  in  its  mode  of  deflection,  reflec- 
tion, and  absorption,  it  partly  resembles  light  and  partly 
water.  The  way  in  which  it  can  be  conducted  however 
bears  no  analogy  to  the  movements  of  light,  but  resembles 
closely  those  of  water,  or  other  ponderable  fluids. 

Light,  like  sound,  travels  in  straight  lines  from  its  orig- 
inal source,  and  it  resembles  sound  in  this  also,  that  it  is 
discovered  to  consist  of  distinct  impulses  succeeding  one 
another  and  forming  waves.  Light,  however,  differs  from 
sound  in  its  travelling  through  an  imponderable  medium, 
whereas  all  sounds  are  transmitted  through  media  whose 
weight,  and  consequent  inertia,  are  always  modifying  the 
motions  that  they  make;  and  if  we  watch  the  action  of  waves 
of  motion  on  the  surface  of  water,  and  bear  in  mind  while 
doing  so  the  distinction  as  well  as  the  likeness  that  obtains 
between  them  and  waves  of  sound  in  the  air,  we  shall  often 
observe  the  closest  analogy  between  the  two.  In  certain 
places  waves  of  water  are  broken,  in  others  they  pass  freely, 
in  others  they  are  reflected,  and  in  others  they  are  caused  to 
change  their  direction.  It  is  not  perhaps  too  much  to  say 
that  in  similar  positions  waves  of  sound  will  always  be 
similarly  broken,  or  transmitted,  or  reflected,  or  deflected, 
as  the  case  may  be. 

In  the  phenomena  of  reflection  both  analogies  hold  good. 
When  a  ray  of  light  falls  upon  any  polished  body  it  is 
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reflected  very  little  diminished  in  amount  or  altered  in 
quality.  In  all  other  cases,  however,  the  light  is  considered 
to  be  partially  absorbed,  and  the  remainder  is  given  off  by 
different  bodies  in  different  degrees,  each  throwing  off  such 
rays  of  light  only  as  indicate  its  own  colour  and  absorbing 
the  others,  and  every  object  upon  which  the  light  shines 
thus  in  turn  irradiates  light. 

To  a  certain  limited  extent  the  same  thing  occurs  with 
sound.  It  is  also  reflected  by  some  bodies  and  irradiated  in 
the  form  of  sympathetic  vibrations  by  others,  and  it  requires 
a  certain  hardness  of  surface  to  do  either.  Whatever  the 
essential  difference  between  those  surfaces  that  do,  and  those 
that  do  not  reflect  light  may  be,  the  distinction  between 
bodies  that  merely  reflect  sound,  and  those  that  if  they  re- 
flect it  partially  also  reinforce  it  by  sympathetic  vibration, 
is  that  the  latter  are  higlily  vibratory,  and  the  former  are  not. 

"When  light  strikes  any  reflector  at  right  angles  to  its 
surface,  it  is  reflected  straight  back,  and  when  it  strikes 
obliquely  it  is  also  thrown  off  obliquely,  the  angle  of  incidence 
being  always  equal  to  the  angle  of  reflection.  In  waves  on 
water  this  occurs  only  within  certain  limits,  namely  as  long 
as  the  waves  strike  the  reflecting  surface  at  an  angle  greater 
than  from  30  to  45  degrees.  But,  as  Mr.  Scott  Eussell  has 
shown,  when  they  strike  at  a  more  acute  angle  than  45 
degrees,  they  are  not  perfectly,  and  when  at  one  more  acute 
than  30  degrees  not  at  all  reflected,  but  seem  to  travel  along 
the  bank  or  other  surface  against  which  they  had  struck. 
Waves  of  sound  act  in  a  similar  manner,  and  hence  arises 
the  phenomenon  of  conduction.* 

EEINFOECEMENT   OF  SOUND. 

7.  "Bodies  capable  of  vibrating  so  as  to  produce 
any  sustained  sound,  are  ordinarily  apt  spontaneously  to 

*  See  ante,  p.  26  ;  Euler,  "Lettres  k  une  Princesse  ;"  Weber,  "  Wel« 
lenlehre  ;  "  Scott  Russell,  "  Report  on  Waves,"  p.  64. 
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vibrate  wlieu  a  sound  of  the  same  pitch  is  excited  near 
them." 

This  is  true  not  only  of  such  sonorous  bodies  as  when 
excited  give  out  a  distinct  musical  note,  but  of  others  which 
cannot  be  said  to  have  any  sound  peculiar  to  themselves. 
Bodies  of  the  former  class  are  set  in  sonorous  motion  only 
by  such  sounds  as  they  themselves  could  emit,  i.e.  by  their 
own  fundamental  note  or  its  harmonics ;  bodies  of  the  other 
class  will  vibrate  in  unison  with  any  or  almost  any  note  or 
notes  that  are  excited  near  them.  These  vibrations,  which 
we  may  call  sympathetic  vibrations,  are  of  great  value  in  rein- 
forcing an  original  sound,  and  adding  to  it  a  character  that 
it  did  not  naturally  possess,  and  for  such  a  purpose  the  second 
class  of  substances  are  the  most  valuable,  and  among  them 
thin  plates  of  wood  pre-eminently  so.  It  is  quite  true  that 
bodies  possessing  a  characteristic  note  of  their  own  are  more 
violently  excited  than  others,  when  that  note  or  its  har- 
monics are  given  out  by  some  sounding  body  in  close  proxim- 
ity to,  or  actual  contact  with  them,  but  then  they  will  respond 
to  no  other  note,  while  such  a  substance  as  a  well-seasoned 
plate  of  fine  thin  wood  will  respond  almost  equally  well  to 
any  note  or  to  any  simultaneous  combination  of  notes.  It 
is  this  property  that  renders  such  wood  so  valuable  for  the 
sounding-boards  of  pianofortes,  for  the  bodies  of  guitars, 
violins,  violoncellos,  &c.,  or  for  the  construction  of  an 
orchestra,  and  the  floor,  walls,  and  ceiling  of  a  music-room. 

It  is  the  power  of  setting  a  large  mass  of  wood  in  vibra- 
tion that  gives  the  tone  to  all  stringed  instruments,  and  it  is 
a  matter  well  understood  that  the  variations  which  make  one 
violin  or  one  pianoforte  to  be  so  much  more  valuable  for 
musical  purposes  than  another,  do  not  lie  at  all  in  the  strings 
that  are  put  into  direct  vibration  by  the  musician,  but  in  the 
qualities  inherent  in  the  reinforcing  body  which  those 
strings  throw  into  sympathetic  vibration. 

These  vibrations  are  ordinarily  communicated  through  the 
air,  and  referring  to  that  mode  of  inducing  motion,  Herschei 
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observes :  "  Just  as  a  small  pull,  repeated  exactly  in  the  time 
of  its  natural  swing,  will  raise  a  great  bell,  or  a  trifling 
impulse  a  heavy  pendulum,  so  the  molecules  of  the  air  in  a 
state  of  sonorous  vibration  will  impress  on  any  body  capable 
ofvihrating  in  their  own  time  an  actual  vibratory  motion, 
and  if  a  body  be  susceptible  of  a  number  of  modes  of 
vibration  performed  in  different  times,  that  mode  only  will 
he  excited  which  is  synchronous  with  the  aerial  pulsations^* 
If,  however,  the  exciting  and  excited  body  are  in  actual 
contact  the  induced  vibrations  will  be  the  more  vigorous, 
and  they  will  even  display  an  amount  of  motive  power  out 
of  all  proportion  with  the  original  exciting  cause. 

"  To  show  this  in  a  striking  manner,"  says  Pouillet,  "it  is 
only  needful  to  connect  a  little  tube  of  glass  to  a  large  beam 
of  wood,  and  then  to  excite  vibrations  in  the  tube  by  rubbing 
it  with  a  wetted  cloth ;  at  once  the  entire  mass  of  the  beam 
will  enter  into  longitudinal  vibration,  lengthening  and  con- 
tracting itself;  and  an  enormous  weight  acting  by  tension 
or  by  compression  would  be  required  to  cause  the  same 
changes  that  a  very  light  rubbing  can  excite."  f 

The  most  delicately  sensitive  bodies  appear  to  be  thin 
membranes  stretched  tight,  and  by  the  use  of  these,  with 
sand  sprinkled  on  them,  M.  Savart  was  able  to  explore 
the  condition  of  the  different  portions  of  the  air  of  a  room 
and  to  make  visible  the  agitations  roused  in  it  by  sound. 
In  this  experiment  he  was  obliged  to  produce  sounds  of 
great  intensity,  and  obtained  them  by  means  of  the  rein- 
forcement arising  from  the  vibrations  of  air  in  a  w^ide- 
mouthed  vessel,  which  was  capable  of  emitting  a  definite 
note,  and  in  front  of  which  was  placed  a  bell  having  the 
same  pitch.  By  an  apparatus  of  this  nature  sounds  of  a 
surprising  intensity  can  be  obtained,  showing  that,  suitably 
applied,  a  mass  of  air  is  a  powerful  reinforcing  body.     Such 


*  Encyc.  Brit.,  art.  "Sound,"  sec.  169. 

I  **  Elements  de  Physique,"'  torn.  ii.  lib.  5,  sec.  89. 
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a  bod  J  of  air  is  not,  however,  near  so  manageable  an  aux- 
iliary as  wood  on  account  of  its  aptness,  when  set  in  motion* 
to  emit  sounds  having  a  definite  pitch,  regulated  by  the 
dimensions  of  the  enclosing  space ;  and  although  readily  ex- 
cited by  those  sounds  or  their  harmonics  it  will  refuse  to 
vibrate  in  unison  with  more  than  a  few  notes. 

The  experiments  of  Professor  Wheatstone  on  the  trans- 
mission of  sound  to  considerable  distances,  through  wooden 
rods  from  musical  instruments  to  reciprocating  plates  of 
wood,  which  in  this  way  were  made  to  emit  a  repetition  of 
the  original  sound,  are  very  striking,  as  showing  the  power 
of  sympathetic  vibration  inherent  in  those  plates.*  His 
observations  on  similar  vibrations  in  a  column  of  air  will 
serve  to  substantiate  what  has  been  advanced  on  that  head, 
showing  as  they  do  that  such  a  column  when  of  fixed  dimen- 
sions will  only  reciprocate  sounds  identical  with  its  own 
note,  or  harmonics  of  that  note.f 

The  seven  propositions  advanced  on  p.  3  have  now  been 
successively  passed  in  review,  and  so  much  of  the  science  of 
sound  as  seemed  necessary  to  the  immediate  object  of  this 
volume  has  been  introduced  in  illustration  of  those  pro- 
positions. Through  thus  limiting  the  statement  of  the 
theory  of  acoustics,  it  has  been  found  necessary  to  dismiss 
with  merely  passing  allusion  some  of  those  phenomena  that 
have  attracted  the  most  attention  from  investigators,  and 
to  omit  altogether  any  mention  of  others.  These  omissions 
it  is  believed  cannot  in  any  way  militate  against  the  value 
of  the  work  to  the  architect,  as  they  relate  to  refinements 
with  which  in  his  practice  he  has  no  concern ;  but  it  is  right 
to  notice  their  existence,  lest  any  should  think  that  an 
outline  of  every  department  of  the  science  had  been  here 
attempted,  and  left  incomplete ;  this,  it  will  now  be  under- 
stood, has  not  been  the  case. 


*   Journ.  of  Roy.al  Institution,  vol.  ii.,  1831. 

t  Quarterly  Journal  of  Science,  vol.  iii.,  p.  175,  a.d.  1828. 


83 


SECTION  II. 

OBSTACLES    AND   AUXILIARIES. 

In  order  to  understand  the  nature  and  the  effects  of  some 
of  the  principal  obstacles  and  auxiliaries  which  buildings 
can  present  to  the  diffusion  of  sound  (and  it  is  only  some 
of  them  that  are  patent  enough  to  be  ascertained  and 
described),  it  seems  desirable  to  establish  some  normal 
standard  of  what  may  be  considered  its  natural  diffusion. 
The  nearest  approach  to  this  is  no  doubt  presented  by  the 
open  air  on  some  perfectly  windless  day ;  and  we  have  heard 
it  expressed  as  a  deliberate  opinion  by  one  of  the  greatest 
living  authorities  on  acoustics,  that  there  is  no  possible 
building  equal  to  the  open  air  for  perfection  of  hearing. 
Of  this  perfection  the  ancient  Greeks  and  Eomans,  enjoy- 
ing as  they  did  a  climate  eminently  favourable  to  out-of- 
door  life,  made  good  use  in  their  theatres  and  fora. 

Supposing  the  speaker  and  the  hearer  to  have  some  little 
natural  advantage  in  their  positions  with  respect  to  one 
another,  from  inequalities  of  ground,  it  is  possible,  on  a 
perfectly  still  day,  to  address  large  multitudes  in  the  open 
air  with  great  success.  If,  however,  the  auditors  be  all  on  a 
dead  level,  with  the  speaker  only  as  much  raised  above  them 
as  on  any  usual  platform  or  other  speaking-place,  the 
number  of  persons  by  whom  a  person  possessing  a  voice  not 
above  ordinary  power  can  be  clearly  heard  will  be  restricted, 
though  it  is  rather  difficult  to  determine,  even  approximately, 
to  what  number. 

The  experiments  undertaken  by  Saunders,  and  described 
by  him  in  his  book  on  theatres,  gave  as  a  result  that 
when  a  person  was  made  to  read  from  a  book  on  a  still 
day  on  an  open  plain,  he  could  be  heard  92  feet  in  front, 

c  3 
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75  feet  on  each  side,  and  31  feet  behind  ;  and  the  line 
denoting  "the  extreme  distance  at  which  the  voice  could 
be  heard  every  way,"  was  that  shown  in  the  figure.* 


Fig.  6. 

Sir  Christopher  "Wren,  however,  in  a  letter  on  church- 
building,  given  in  the  "  Parentalia,"  lays  down  as  the 
standard  that  had  guided  him  a  much  more  limited  range 
of  voice.  He  says :  "  A  moderate  voice  may  be  heard  50  feet 
distant  before  the  preacher,  30  feet  on  each  side,  and  20 
feet  behind  the  pulpit,  and  not  this  unless  the  pronuncia- 
tion be  distinct."t  And,  in  fact,  it  will  be  seen  that,  except 
under  most  favourable  circumstances,  the  area  over  which  a 
single  voice  can  be  heard  by  a  single  hearer  moving  from  one 
part  to  another,  can  be  no  fair  guide  by  which  to  estimate  the 
size  of  such  a  crowd  of  persons  standing  on  the  same  level 
cs  would  be  all  able  to  hear  well,  for  the  persons  nearest  the 
speaker  impede  the  distinct  hearing  of  those  who  are  further 
off,  partly  by  the  direct  interference  of  their  heads,  partly 
by  the  unsuitableness  of  an  uneven  surface  of  human  beings 
to  conduct  sound,  and  partly  by  the  effect  their  warmth 
and  breath  have  upon  the  atmosphere.     It  is  not  found  in 


*  Saundei-s  on  Theatres,  chapter  2. 


t  ♦•Parentalia,"  page  318. 
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ordinary  experience  tliat  a  person  speaking  in  the  open  air 
can  be  heard,  in  a  crowd,  so  far  as  02  feet,  or  to  anything 
like  that  distance,  unless  lie  put  f'ortli  a  considerable  effort ; 
and  it  will  probably  not  be  far  from  the  truth  if  we  assume 
that  if  a  cluster  of  as  many  persons  as  could  hear  distinctly 
were  to  form  themselves  round  an  individual  of  ordinary 
powers  of  voice  (and  it  is  necessary  throughout  this  inquiry 
to  disregard  cases  of  unusually  strong  powers  of  voice  as 
exceptional,  and  not  a  safe  criterion),  they  would  form 
a  crowd  somewhat  similar  in  shape  to  the  figure  just 
given  from  Saunders,  but  probably  not  occupying  more 
than  5000  square  feet  of  ground.  Were  these  persons 
to  sit  down,  and  in  doing  so  to  occupy  each  as  much 
space  as  would  be  allotted  to  him  in  the  seats  of  any 
ordinary  public  room,  the  number  of  the  audience  on  the 
ground  would  be  about  one  thousand,  though  two  thousand 
or  more  could  occupy  the  place  standing ;  and  this  estimate 
agrees  pretty  closely  with  the  limits  assigned  by  Rhode  in 
his  admirable  little  book.  He,  taking  Saunders's  experi- 
ments as  a  guide,  considers  that  a  theatre  will  be  within 
the  range  of  the  natural  direct  radiation  of  sound  where  no 
person  is  further  than  70  feet  from  the  speaker,  and  that 
such  a  theatre  would  seat  two  thousand  persons  ;  that  is  to 
say,  about  twice  as  many  as  could  be  seated  on  the  level 
ground  only. 

Wren,  in  the  document  already  referred  to  and  which  we 
shall  again  have  to  quote,  expresses  his  belief  that  two  thou- 
sand persons  is  about  the  extreme  number  that  can  see 
and  hear  in  perfect  comfort  in  a  church.  The  churches 
that  Wren  built  show,  most  of  them,  that  he  relied 
mainly  on  natural  radiation  for  the  diffusion  of  the  voice 
in  them. 

Suppose  now  it  be  desired  to  shelter  this  seated  audience 
of  a  thousand  persons,  by  putting  a  roof  over  them  and  walls 
round  them,  we  shall  in  so  doing  have  altered  in  many  ways 
the  conditions  under  which  they  hear,  and  shall  have  intro- 
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duced  many  conflicting  agencies.  As,  however,  they  all 
could  hear  well  before,  it  is  plain  that  if  we  can  only  ensure 
that  they  shall  in  no  respect  be  worse  off  than  they  pre- 
viously were,  we  have  done  all  that  is  necessary,  supposing 
no  larger  number  require  to  be  accommodated. 

It  follows,  therefore,  that  in  buildings  of  moderate  size, 
we  are  principally  required  to  avoid  the  introduction  of 
impediments  to  the  free  transmission  of  sound. 

It  may,  however,  be  desired  that  a  larger  number  of 
persons  shall  be  addressed  than  ordinarily  can  hear  in  the 
open  air;  or  if  this  be  deemed  impossible,  then  a  larger 
number  than  could  there  hear  without  an  advantageous  dis- 
position of  the  ground  they  occupied  ;  or  at  least,  taking  the 
most  favourable  possible  view  of  the  capabilities  of  the 
unconstrained  atmosphere,  we  may  suppose  that  the  desire 
is  entertained  to  render  it  possible  for  as  large  a  number  to 
hear  at  all  times,  and  in  all  weathers,  within  a  building  as 
could,  under  the  most  favourable  circumstances,  hear  with- 
out one.  If  this  is  to  be  efliected,  the  voice  must  clearly 
receive  from  some  property  or  properties  of  the  building  as- 
sistance in  character  analogous  to  that  which  it  receives  from 
the  stillness  of  the  day  and  the  favourable  configuration  of  the 
ground,  under  the  best  natural  conditions  ;  and  probably 
this  assistance  requires  to  be  greater  in  amount  in  the  case 
of  buildings  than  in  the  open  air,  since  it  is  likely  that, 
however  favourable  the  form  or  materials  of  the  building, 
some  prejudicial  agencies  will  also  be  at  work,  which  will  re- 
quire to  be  counteracted. 

In  one  or  two  respects,  however,  all  buildings,  large  or 
small,  present  advantages  which  ought  to  be  pointed  out. 
One  essential  difference  between  a  building  of  almost  any 
sort  and  the  open  air  is  that  the  hearers  in  a  building  are 
placed  at  a  great  advantage  in  consequence  of  the  perfect 
stillness  of  the  air,  and  the  exclusion  of  any  disturbing 
noise  from  without ;  while  a  second  advantage  may  be  held 
to  be  that  the  architect  of  any  building  for  public  purposes 
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enjoys  the  opportunity  of  being  able  to  place  his  audience 
and  his  speaker  in  any  relative  positions  that  he  pleases. 
With  these  two  considerations  to  set  against  the  natural 
decay  of  all  sound,  and  the  inevitable  disadvantages  of  almost 
all  buildings,  it  is  found  that  even  in  large  structures  the 
most  important  consideration  proves  after  all  to  be  not  liow 
to  assist  the  voice,  but  merely  how  to  avoid  all  impedi- 
ments. 

Extreme  cases  exist,  on  the  one  hand,  of  buildings  of 
colossal  size,  in  which  sound  can  be  heard  so  far  and  so 
well  that  it  is  indisputable  that  other  circumstances  besides 
the  quietness  of  the  atmosphere,  and  the  relative  positions  of 
speaker  and  auditory,must  have  favoured  hearing;  and,  on  the 
other  hand,  of  rooms  sometimes  not  beyond  the  dimensions 
of  ordinary  dwelling  apartments,  where  hearing  is  difficult, 
where  reverberation  is  extreme,  and  even  where  certain 
musical  notes  cannot  at  all  be  sounded,  proving  that  the 
apartment  has  exercised  a  powerful  and  injurious  influence 
on  sound.  The  experience  of  most  persons  will  furnish 
instances  of  both  these  extremes,  enough  to  justify  the 
establishment  of  the  following  general  maxims,  which  will 
form  the  basis  of  an  attempt  to  classify  the  causes  that 
operate  upon  tlie  acoustic  qualities  of  rooms. 

I.  Buildings  always  modify  the  normal  diffusion  of  sound. 

IT.  Buildings  may  present  obstacles  to  the  diffusion  of 
sound. 

III.  Buildings  may  afford  auxiliaries  to  the  diffusion  of 
sound. 

(1.)  "  Buildings  always  modify  the  normal  diffusion  of 
sound." 

This  proposition  is  an  almost  necessary  consequence  of 
the  preliminary  observations  of  this  chapter ;  and  the  truth 
is,  that  the  moment  a  sound  becomes  surrounded  by  the 
multiplied  conditions  that  affect  it  in  a  building — the  dis- 
turbance, the  resonance,  or  the  echo  that  it  may  meet  with  — 
it  is  exposed  to  so  many  conflicting  influences  that  it  becomes 
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very  difficult  for  the  man  of  science  to  do  more  than  state 
very  generally  what  results  the  conditions  under  which  it  is 
placed  may  reasonably  be  expected  to  induce. 

Without  further  delay  on  this  point,  it  is  proposed  to 
pass  at  once  to  the  consideration  first  of  the  obstacles,  and 
tlien  of  the  auxiliaries  that  may  exist  in  buildings  ;  and 
afterwards  to  an  examination  of  a  few  examples  of  those 
varieties  of  public  and  private  buildings  in  which  acoustic 
arrangements  are  of  importance. 

(2.)  "  Buildings  may  present  obstacles  to  the  production 
or  propagation  of  sound." 

The  nature  of  these  obstacles,  the  means  of  avoiding  them 
and  the  remedies  for  them,  where  they  exist,  form,  in  the 
present  state  of  acoustic  science,  perhaps  the  most  important 
part  of  the  inquiry,  and  possibly  will  always  remain  so ; 
ibr  it  may  be  very  safely  asserted,  that  if  an  architect  can 
only  avoid  all  obstacles  to  the  free  propagation  of  sound  in  a 
building,  he  may  be  satisfied  that,  for  ordinary  purposes 
and  within  the  limits  of  ordinary  size,  he  is  quite  safe,  and 
may  trust  to  natural  diff'usion  as  sufficient  to  enable  his 
audience  to  hear.  It  is  only  in  cases  such  as  concert-rooms, 
where  special  beauty  of  tone  is  required,  or  in  rooms  of 
very  large  dimensions,  or  in  those  where  circumstances 
render  it  unavoidable  that  serious  obstacles  to  the  diff'usion 
of  sound  should  exist  and  be  tolerated,  that  the  auxiliaries 
which  a  building  may  be  made  to  afiPbrd  to  sound  require  to 
be  strenuously  sought  for ;  not  that  they  ought  ever  to  be 
lost  sight  of,  but  that  the  architect's  first  care  ought  always 
to  be  to  avoid  doing  harm.  "We  may  do  well  always  to 
recollect  that  the  natural  tendency  of  sound,  truism  though 
it  be  to  say  so,  is  to  make  itself  heard  ;  it  is  but  little  that 
we  can  do  to  assist  it,  and  there  is  nothing  in  all  our 
appliances  that  does  not  spring  out  of  the  nature  of  the 
sound  itself.  What  we  can  do  to  interrupt  and  deaden,  to 
disturb  and  counteract  it,  is,  however,  very  much ;  and  in 
this,  as  in  many  other  branches  of  human  activity,  man's 
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efforts  aro  best   directed   when   they  simply  refrain   from 
impeding  the  ordinary  course  of  nature. 

The  obstacles  to  sound  may  be  conveniently  classed  under 
five  heads,  according  as  they  act  by  decay,  absorption,  ob- 
struction, reverberation,  or  echo. 

1.  Decay. — It  is  in  no  way  peculiar  to  buildings  that  sound 
should  decay  in  them  in  the  manner  explained  at  p.  17;  on  the 
contrary,  they  frequently  prolong  its  progress  in  a  par- 
ticular direction  by  preventing  it  from  spreading  laterally  ; 
but  it  must  never  be  lost  sight  of  tliat  it  is  the  natural  decay 
of  sound  as  it  proceeds  further  from  its  source,  which  im- 
poses a  limit  to  the  possible  size  of  an  auditorium,  and  that 
this  phenomenon  it  is  which  has  to  be  counteracted  by  all 
the  appliances  in  our  power,  when  we  wish  to  construct  a 
hall  which  shall  be  of  dimensions  surpassing  those  of  ordi- 
nary buildings,  and  yet  remain  acoustically  useful. 

2.  Absorption. — Sound  seems  to  be  swallowed  up  by 
large  unoccupied  spaces,  especially  if  above  and  behind  the 
speaker,  and  by  all  soft  dull  surfaces  within  reach.  The 
audience  in  any  room  absorb  or  deaden  a  great  deal  of 
sound  by  their  clothing  and  the  amount  of  uneven,  soft, 
unreflecting  surface  they  present.  Of  course  this  is  just  as 
much  the  case  with  an  audience  in  the  open  air  as  in  a  room, 
but  it  becomes  more  perceptible  in  its  influence  on  the 
voice  in  buildings  than  elsewdiere.  Similarly  all  curtains  and 
hangings  and  carpets  deaden  and  absorb  sound. 

This  property,  as  shown  by  soft  surfaces,  is  at  times  of 
value.  Where  there  is  too  much  resonance  in  a  room, 
carpets  or  curtains  may  be  advantageously  employed  to 
lessen  it ;  in  fact,  to  absorb  the  injurious  excess  of  sound, 
and  where  there  is  an  echo,  a  curtain  judiciously  hung  will 
have  the  effect  of  deadening  or  stopping  the  sound  before 
reaching  the  echoing  surface.  This  expedient  is  well  known, 
and  often  successfully  employed  ;  but  carpets,  as  a  remedy 
for  excessive  resonance,  have  perhaps  not  been  so  frequently 
made  use  of.     An  instance  has,  however,  been  mentioned  to 
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the  writer  of  a  large  chapel  in  which  au  unpleasant  rever- 
beration existed,  and  which  was  cured  by  the  simple 
expedient  of  covering  all  the  passages  and  open  spaces  with 
matting.  An  analogous  instance  occurs  in  the  new  reading- 
room  of  the  British  Museum,  where  the  floor  is  covered 
with  kamptulicon,  and  the  whole  of  the  desks,  &c.,  with 
leather,  a  precaution  adapted  not  merely  to  prevent  much 
noise  from  being  made,  but  also  to  deaden  the  reverberation 
which,  with  an  uncarpeted  floor,  would  have  been  excessive. 
Under  ordinary  circumstances,  however,  the  influence  of  a 
large  audience  is  quite  deadening  enough,  and  carpets, 
cushions,  and  curtains  should  be  absent  as  much  as  possible 
from  a  room  for  public  speaking,  unless,  indeed,  it  has 
shown,  when  made  use  of  uncarpeted  and  without  drapery, 
extreme  resonance,  reverberation,  or  echo. 

The  amount  of  sound  absorbed  in  large,  ill-disposed,  vacant 
spaces  is  very  great,  much  more  so  than  might  be  supposed  ; 
and  injury  from  this  cause  can  almost  always  be  guarded 
against,  if  the  danger  is  kept  in  mind  during  the  designing 
of  a  building.  An  audience  is  a  necessity,  and  carpets  and 
curtains  are  often  almost  as  much  so,  and  if  they  absorb 
sound  it  cannot  be  helped  ;  but  a  vacant  space  wrongly 
placed  is  never  necessary,  and  always  injurious. 

It  seems  agreed  by  all  writers,  and  confirmed  by  experi- 
ence, that  a  very  large  amount  of  air  above  and  behind  a 
speaker,  and  which  his  voice  has  to  set  in  motion,  is  in- 
jurious, and  that  a  very  large  amount  of  air  above  the 
auditors  may  be  also  injurious,  but  in  a  less  degree.*  The 
old  sounding-boards  in  many  churches  are  probably  of 
advantage  as  much  by  cutting  off  a  great  mass  of  the  air  in 
the  upper  part  of  the  church  from  the  direct  influence  of 
the  speaker's  voice,  as  by  any  other  action  they  exert.  The 
custom  of  placing  the  orchestra  or  platform  of  a  public 
room  in  a  recess,  and  bringing  down  the  ceiling  quite  low 

*  Lach^z,  page  54. 
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over  that  part  is  now  commonly  adopted,  and  with  good 
results,  because  it  limits  the  volume  of  air  over  head. 

It  is  perhaps  advantageous  for  a  speaker  to  have  a  little 
space  behind  him,  but  that  space  should  be  much  lower  and 
narrower  than  the  rest  of  the  building. 

If  the  voice  should  not  be  allowed  to  escape  upwards, 
backwards,  or  sideways,  immediately  on  its  leaving  the 
mouth,  neither  should  it  be  allowed  to  waste  itself  anywhere 
upon  a  disproportionate  height  of  space.  One  of  the  few 
points  in  which  the  majority  of  rooms  good  for  sound  agree, 
is  that  they  are  low  in  proportion  to  their  width;  in  fact,  to 
quote  the  words  of  a  very  good  authority,  "  rooms  for  sound 
sliould  be  of  good  proportions,  but  rather  low  than  high, 
and  rather  long  than  short."  If  the  spaces  about  the 
speaker  and  above  the  audience  be  restricted,  it  seems  pro- 
bable that  a  very  great  extent  of  length  might  often  safely 
be  given  to  the  auditory. 

It  may  be  proper  to  note  that  although  for  convenience 
we  have  included  two  agencies  adapted  to  diminish  the 
volume  of  sound  under  the  head  Absorption^  a  distinction  will 
be  often  perceptible  in  their  effect  upon  sound.  Soft  sur- 
faces deaden  and  destroy  its  quality,  but  do  not  so  much 
affect  its  distinctness ;  they  are  therefore  more  injurious  to 
music  than  to  speaking.  Large  spaces  of  air  frequently 
themselves  become  resonant,  and  while  they  impair  distinct- 
ness, may  yet  improve  the  quality  of  sound  ;  they  are,  there- 
fore, more  objectionable  where  speaking  is  contemplated 
than  for  music,  unless  the  instruments  or  the  singer  be  de- 
ficient in  power ;  and  although  rooms  having  these  defects, 
like  all  rooms  bad  to  hear  in,  are  unpleasant  to  a  speaker, 
yet  the  unpleasantness  is  not  of  the  same  sort.  In  the  first- 
mentioned  cases,  i.  e.  when  soft  surfaces  are  in  excess,  a 
sense  of  oppression  upon  the  voice,  and  a  sort  of  deadness 
and  heaviness  are  complained  of;  in  the  second  case,  the 
sonority  possessed  by  all  large  masses  of  air  often  renders 
speaking  or  singing  agreeable,  and  entices  the  speaker  to 
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make  an  unusual  effort  to  fill  the  room,  till  after  a  short 
time  he  becomes  wearied  by  the  exertion  required,  and  the 
consequent  exhaustion,  while  the  auditors  are  also  dissa- 
tisfied, because  though  what  they  hear  is  spoken  loud 
enough,  and  is  really  heard,  it  does  not  distinctly  fall  on  the 
ear,  but  is  heard  encumbered  and  confused  by  secondary 
sounds  that  prolong  each  syllable  into  the  next. 

3.  Obstruction. — The  phenomena  of  light  and  ^'ision,  as  has 
been  already  remarked,  closely  resemble  those  of  sound  and 
hearing,  and  the  two  mutually  illustrate  one  another.  This  is 
emphatically  the  case  with  the  obstructions  to  sound,  for  the 
simplest  way  of  describing  them  is  to  say  that  whatever 
would  be  an  obstruction  to  sight,  is  sure  also  to  be  injurious 
to  sound,  though  not  always  to  the  same  extent.  Sounds 
travelling  to  a  considerable  distance  are  much  more  easily 
interrupted  by  an  obstacle  intervening  between  the  sounding 
body  and  the  hearer,  than  (hose  that  rise  near  at  hand,  for 
reflectors  can  be  used  with  advantage  close  to  the  speaker 
which  would  quite  destroy  the  sound  in  a  distant  part  of  a 
room,  after  it  has  lost  a  large  portion  of  the  force  with  which 
it  was  first  emitted,  and  obstacles  may  be  tolerated  among 
the  auditors  near  at  hand,  which  would  be  much  more  in- 
jurious further  off. 

In  every  building  intended  for  public  purposes,  provision 
should  if  possible  be  made  that  each  person  shall  receive  a 
direct  and  uninterrupted  ray  of  sound,  and  shall  have  an 
equally  uninterrupted  sight  of  the  speaker.  To  those  at  a 
distance  this  is  especially  important,  partly  because,  as  has 
just  been  observed,  obstacles  are  more  injurious  to  them, 
and  partly  because  if  they  have  any  difficulty  in  hearing,  a 
sight  of  the  speaker  will  be  likely  to  be  of  assistance. 

The  first  published  description  of  the  mode  of  "setting  out" 
the  seats  in  any  large  building,  so  as  to  secure  that  each  oc- 
cupant of  a  seat  shall  have  a  direct  uninterrupted  hearing  and 
sight,  was  given  by  Mr.  Sectt  Russell,  in  a  paper  published 
in  the  Edinburgh  New  Philosophical  Journal  for  1839,  and  tiie 
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same  method  has  been  more  recently  very  fully  developed  in 
the  little  work  of  M.  Lachez  already  quoted.  The  seats 
must  be  ranged  not  as  tangents  to  a 
straight  line,  but  on  a  concave  curve 
to  be  set  out  as  follows.  The  posi- 
tion and  height  of  the  speaker  and 
of  the  auditors  occupying  the  first 
seat  being  determined,  a  line  is  to 
be  drawn  from  the  speaker's  mouth 
touching  the  point  where  the  top  of 
the  first  auditor's  head  would  come, 
and  at  the  proper  distance,  say  for 
example  at  2  feet  6  inches  back,  the 

situation  of  the  seat  for  the  second  auditor  is  to  be  marked 
and  on  the  line  indicating  the  back  of  it  a  height  of  1  foot  (J 
inches  or  less  is  to  be  set  oft'  upwards  from  the  point 
where  the  ray  from  the  speaker's  mouth  touched ;  this  is  to 
mark  the  position  of  the  top  of  the  head  of  the  second 
auditor.  By  repeating  this  process,  setting  up  eighteen 
inches  at  each  seat,  a  series  of  points  are  found  all  ranged  in 


Fig.  7. 


Fig.  8. 


a  curve,  to  which  Mr.  Scott  Eussell  has  given  the  title  of 
"the    isacoustic,"    or    equally-hearing   curve.      Each   seat 
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will  be  placed  aboub  2  feet  9  inches  below  the  mark  indi- 
cating the  top  of  the  head  of  its  occupant,  and  the  floor  on 
which  each  stands  should  be  about  1  foot  6  inches  lower 
still.*  This  curve,  when  the  auditory  is  a  good  deal  below 
the  speaker,  has  the  property  of  dipping  down  slightly  at  its 
commencement,  and  under  such  circumstances  a  flat  floor 
might  be  substituted  without  serious  disadvantage  for  part 
of  the  curve.  The  degree  of  steepness  requisite  will  vary 
with  circumstances,  such  as  for  instance  whether  it  is  essen- 
tial for  the  auditors  to  look  down  on  a  table  or  merely  to 
look  up  at  a  speaker,  and  the  more  space  that  can  be  allowed 
for  each  seat  from  front  to  back,  the  less  inclination  will  be 
requisite.  The  Lecture  Theatre  of  the  Eoyal  Institution,  of 
which  a  plan  and  section  are  given  later  on,  presents  a 
floor  elevated  on  this  principle,  but  a  much  earlier  example 
of  at  least  an  approximation  to  it  exists  in  the  Roman  am- 
phitheatre at  Nismes,  where  the  height  of  the  seats  increases 
as  they  become  more  remote  from  the  arena. 

In  a  number  of  churches  built  in  Scotland  for  the  Free 
Church  party,  immediately  after  the  "disruption,"  Mr. 
Scott  liussell's  curve  was  adopted  for  the  seats,  and  the 
arrangement  was  found  satisfactory ;  and  an  example  of  its 
use  in  London  is,  or  was  previous  to  the  fire,  to  be  seen  in 
one  of  the  class-rooms  attached  to  St.  Martin's  Hall,  where 
it  was  particularly  essential  that  the  teacher  should  be  dis- 
tinctly heard  and  seen  by  all  his  class ;  and,  lastly,  an 
example  familiar  to  many  may  be  cited — the  seats  in  the 
Handel  orchestra  at  the  Crystal  Palace. 

Subjoined  are  some  illustrations  from  Lachezf  of  the 
advantages  of  this  arrangement. 


*  These  dimensions,  especially  1*6  for  face  room,  are  in  excess  of  what 
will  suffice,  where  space  must  be  rigidly  economised.     Lachez  prescribes  : 

ft.      in.  ft.       in. 

Back  to  back  of  seats    -         -         1     11^     to     2       5^ 
Height  of  seat      -         -         -         1     5| 
Seats  to  top  of  head      -         -         2     II4    to     3       6 
Face-room  ...  6      to     1       0 

t  '  'Acoustique  et  Optique, "  pp.  111-113. 
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Fig.  9  represents  at  A  an  auditory  placed  on  a  horizontal 
plane :  the  lines  of  sight  are  all  parallel,  and  that  of  the 


Pig.  9. 

last  spectator,  40  feet  off,  falls  over  the  professor's  head  at 
an  elevation  of  13  feet  6  in.  If  this  auditory  be  placed  on 
an  inclined  plane  rising  one  in  ten,  an  advantage  is  gained, 
but  only  a  slight  one,  as  shown  at  B  ;  while  by  forming  an 
isacoustic  curve,  as  shown  at  C,  without  the  back  seat 
being  higher  than  in  the  second  instance,  all  the  lines  of 
sight  are  brought  to  one  point.  In  the  first  two  sections 
seeing  and  hearing  must  of  necessity  have  been  more  or  less 
imperfect ;  in  the  third  they  cannot  fail  to  be  satisfactory. 
Two  sections  are  subjoined  (fig.  10)  to  show  the  advantage, 
where  the  isacoustic  curve  is  employed,  of  having  the  seats 
near  the  speaker  low,  where  space  permits.      The  same 


46 


THE   ACOUSTICS    OF    PUBLIC    BUILDINGS, 


number  of  seats  occur  in  both,  but  because  in  the  first  floor 
the  front  seat  is  only  2  feet  8  inches  below  the  point  of 


Fig.  10. 

sight,  while  in  the  second  it  is  placed  16  inches  lower,  there 
results  a  difference  in  the  elevation  necessary  for  the  back 
seat  of  a  range  of  only  ten  seats  in  all,  of  no  less  than 
9  feet  6  inches. 

On  this  point  Lachiz  lays  down  the  following  maxims 
— "  The  more  the  object  to  be  seen  is  elevated,  and  the  less 
inclination  do  the  seats  for  the  auditory  require,  the  more 
the  seats  for  the  auditory  are  elevated,  the  lower  will  it  be 
possible  to  place  the  object  to  be  seen. 

"  But  the  distance  from  the  auditory  to  the  object  to  be 
seen  exercises  a  considerable  influence  alike  upon  the  incli- 
nation of  the  seats,  and  the  elevation  of  the  point  of  sight."  * 

So  far  this  disposition  of  the  auditory  has  been  considered 
by  us  merely  with  a  reference  to  the  procuring  a  direct  ray 


Acoustique  et  Optique,"  p.  75. 
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of  sound  aud  line  of  sight  for  each  auditor.  A  collateral  con- 
Hideration  is  pointed  out  by  Rhode,  who  shows  that  the 
stepped  arrangement  of  seats,  especially  where  the  building 
in  which  it  is  adopted  is  curved  in  outline,  is  eminently 
advantageous,  on  account  of  -the  small  possibility  that  with 
such  an  arrangement  any  injurious  echo  can  arise.  After  a 
reference  to  the  error  of  tliose  who  suppose  that  sounds 
reflected  back  among  an  auditory  from  a  wall  beliind  them 
could  ever  be  other  than  disadvantageous,  he  observes:* 
— "  Here  it  is  proper  to  inquire  whether  in  a  theatre  of 
curvilinear  shape  in  which  the  seats  are  arranged  as  steps, 
one  above  another,  any  reflex  echo  of  the  sound  can  at  all 
become  perceptible.  I  deny  the  possibility  of  it.  The 
sound  in  such  a  building  never  encounters  at  the  same 
instant  of  time  a  resisting  mass  from  which  a  reflection, 
sufficient  to  be  perceptible  to  the  hearing,  could  be  possible. 
It  strikes  the  first  range  of  seats  before  the  second,  and 
the  reflex  echo  from  the  first  is  lost  ere  that  from  the  second 
has  arisen,  and  so  on  up  to  the  top.  The  ancients,  inasmuch 
as  all  their  theatres  had  this  arrangement,  cannot  have 
depended  at  all  upon  the  reflex  echo  of  sound."  t 

It  may  not  unnaturally  occur  to  any  one  wishing  to  obviate 
the  difficulty  of  hearing,  and  seeing  too,  which  occurs  wherever 
the  floor  on  which  the  audience  is  placed  is  level,  and  the 
speaker  is  only  a  little  raised  above  them,  that  by  placing 
him  on  a  sufficiently  high  elevation  every  one  would  be  able 
to  look  and  listen  tolerably  clear  of  his  neighbour's  head. 
And,  in  point  of  fact,  this  plan  was  very  extensively  followed 
in  churches  built  in  the  last  century,  where  the  pulpits  are 
of  great  height.  It  does  not,  however,  often  answer  well ;  aud 
one  of  the  reasons  is  to  be  found  in  the  fact,  that  both  speakers 
and  singers  throw  their  voices  nearly  straight  forward.  It 
is  far  more  natural  to  speak  or  sing  upwards  than  down- 
wards, and  if  any  effort  of  voice  has  to  be  made  the  very 

♦  "Akustik,"  p.  37.  t  Consult  Chladni,  traite,  sec.  208. 
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action  of  throwing  back  the  chest  and  head,  which  will  send 
the  voice  up,  seems  needful  to  give  play  to  the  lungs.  And 
further,  of  the  sounds  thus  thrown  downwards,  almost  every 
particle  not  heard  would  be  absorbed  by  clothing,  benches, 
cushions,  and  so  forth,  which  would  prevent  the  upper  part 
of  the  building  being  properly  filled  by  the  sound.  If  the 
speaker  is  to  be  placed  high,  he  should  be  very  high— near 
the  ceiling,  or  under  a  very  large  sounding-board.  Those 
who  have  frequented  the  oratorios  in  Rome  during  Lent 
may  remember  that  the  orchestra  is  high  up — almost  close 
to  the  ceiling — and  the  sound  seems  to  flood  down  upon  the 
auditory  in  a  fine  way,  reflected  downwards  by  the  ceiling, 
as  well  as  radiated  downwards  from  the  instruments.  Under 
ordinary  circumstances,  however,  those  who  have  most 
experience  advise  that  the  floor  of  a  pulpit  or  that  of  the 
front  of  an  orchestra  shall  be  kept  quite  low  ;  and  Chladni,* 
after  instancing  some  examples  to  prove  that  this  is  in  prac- 
tice found  to  be  the  proper  position  for  an  orchestra  or 
speaker,  adduces  as  a  reason  that  the  lower  strata  of  air 
being  much  more  dense  than  the  upper  in  a  crowded  room, 
any  sonorous  undulations  excited  there  will  much  more 
readily  spread  among  those  strata,  and  be  communicated 
by  them  to  the  upper  and  lighter  parts  of  the  atmosphere, 
than  would  be  the  case  if  undulations  excited  in  the  lighter 
air  had  to  be  propagated  downwards.  In  over-heated  rooms 
this  consideration  becomes  a  very  prominent  one. 

An  obstruction  to  the  free  passage  of  sound  is  presented 
by  every  adverse  current  of  air  and  every  variation  in  the 
quality  of  the  atmosphere  or  its  temperature,  by  every 
sudden  contraction  of  the  space  through  which  sound  has 
to  travel,  and  by  some,  if  not  by  all  sudden  enlargements  of 
space. 

The  necessity  for  providing  for  the  complete  ventilation 


AUgemeine  Musikalische  Zeitung,  30th  August,  1826. 
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of  all  public  rooms  rests  happily  on  the  demands  of  au 
imperious  necessity,  apart  from  the  collateral  benefits  which 
may  be  rendered  to  the  acoustic  qualities  of  the  apart- 
ment ;  still  it  deserves  to  be  remembered  that  an  ill- 
ventilated  room  is  likely  to  prove  bad  to  hear  in.  It  ought 
to  be  borne  in  mind  too,  that  even  a  very  gentle  current 
exercises  a  strong  influence  upon  the  course  of  sound,  favour- 
ing or  opposing  its  progress,  as  the  case  may  be ;  and 
that  consequently,  in  arranging  for  ventilation,  it  will  be 
best  to  avoid  creating  a  current  that  shall  set  in  from  the 
audience  towards  the  speaker,  or  even  one  that  shall  pass 
across  the  space  between  them,  but  that  it  will  be  of  advan- 
tage to  direct  the  ventilation  so  that  whatever  movement 
takes  place  in  the  air  shall  follow  the  same  direction  as 
that  towards  which  the  speaker  throws  his  voice.  This  has 
been  aimed  at  in  the  Surrey  Gardens  Music  Hall. 

There  is  a  difiieulty  in  hearing  well  in  those  parts  of  a 
room  where  the  sound  would  have  to  enter  an  opening,  or  a 
space  that  is  restricted  in  comparison  with  the  parts  adjoin- 
ing ;  this  is  a  matter  of  common  experience,  and  it  is  in 
consequence  of  this  that  persons  placed  under  a  deep  gallery 
can  so  seldom  hear  satisfactorily. 

It  probably  will  not  often  occur  to  architects  to  have  to 
encounter  the  obstruction  that  occurs  when  sound  passes 
from  a  very  confined  space  to  a  free  and  open  one,  but 
it  is  well  to  know  that  such  an  obstruction  really  exists, 
and  that  in  the  case  of  a  railway  tunnel,  or  similar  tube 
with  ends  communicating  with  the  open  air,  it  is  powerful 
enough  actually  to  occasion  an  echo  from  the  mouth  of  the 
tunnel,  distinctly  audible  to  those  within  it.* 

Lastly,  it  is  right  to  observe  that  sometimes  features  in  a 
building  which  act  to  a  Kmited  extent  as  obstructions  are 
yet   very  properly   introduced   because   advantages  attend 


*  Chladni  (TraitS,  sec.  206)  and  Boit.  Mem.  de  la  SocUU  cTArcueilt 
torn.  2,  p.  403. 
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their  use  wliicli  cannot  be  secured  otherwise.  The  best  in- 
stance of  this  is  the  introduction  of  columns  into  the  in- 
terior of  churches,  which  as  we  shall  find  when  we  come  to 
treat  of  church  arrangements,  although  they  themselves  do 
to  a  limited  extent  interrupt  sight  and  sound,  yet  are  neces- 
sary to  the  employment  of  other  structural  features,  found 
by  experience  to  be  very  conducive  to  good  hearing. 

4.  Heverheration. — This  term  we  shall  employ  to  designate 
those  effects  of  excessive  resonance  or  of  indistinct  and  in- 
complete echo  which,  though  not  amounting  to  a  distinctly 
audible  echo,  confuse  sounds — effects  that  are  unpleasantlv 
familiar  to  most  persons,  and  are  the  more  formidable  be- 
cause the  agents  that  cause  them  are  less  obvious  than  those 
which  act  either  by  absorption,  obstruction,  or  echo.  Re- 
verberation is  sometimes  due  to  defects  in  the  proportions 
or  form  of  a  building,  sometimes  to  the  materials  employed, 
sometimes  to  the  conduction  of  sound  along  the  walls,  and 
at  other  times  to  the  spaces  above  the  ceiling,  below  the 
floor,  or  beyond  the  walls  of  a  room.  It  is  distinct  from 
echo,  properly  so  called,  notwithstanding  that  at  times  an 
echo  much  broken  or  frequently  repeated  is  the  cause  of 
this  interference,  or  one  so  similar  as  to  pass  by  the  same 
name,  but  in  nearly  all  cases  it  may  be  described  as  an  over- 
dose of  resonance.  This  being  the  case,  the  discussion  of 
the  subject  may  be  postponed  to  a  great  extent  till  the 
next  division  (that  on  auxiliaries),  which  includes  resonance 
among  its  subjects,  although  a  few  general  observations  will 
be  in  place  here. 

Apartments  of  bad  proportion,  and  especially  such  as  are 
disproportionately  lofty,  and  have  plain  unbroken  walls,  seem 
very  subject  to  reverberation,  and  vaulted  ceilings  or  large 
open  skylights  where  they  exist  in  such  rooms,  appear 
also  conducive  to  the  same  defect.  In  empty  houses  a 
great  reverberation  is  perceptible,  which  diminishes  as  the 
floors  are  covered  with  carpets,  and  the  rooms  filled  with 
furniture.     In  short,  empty  spaces,  especially  towards  the 
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Upper  part  of  au  apartment  or  communicating  with  it,  are 
liable  to  be  unduly  sonorous,  and  it  is  probable  that  cutting 
tliem  oft'  by  even  a  very  slight  interruption  would  improve 
the  hearing  in  most  noisy  rooms. 

It  is  desirable  that  the  architect  should  be  aware  that  the 
dampness  of  walls  conduces  to  a  very  considerable  extent  to 
reverberation  in  a  room.  Dr.  Hutton  gives  several  illus- 
trations of  this  fairt  ;•  and  it  will  often  be  found  that  a 
building  hastily  completed  (especially  if  its  walls  be  plas- 
tered internally),  and  at  once  occupied  for  public  purposes, 
will  for  some  mouths  fail  to  give  satisfaction  to  the  extent 
that  has  been  hoped,  although  ultimately,  as  the  walls  lose 
their  moisture,  acoustic  defects  will  disappear.  The  cause 
of  this  phenomena  is  obscure,  and  no  satisfactory  explanation 
has  hitherto  been  brought  forward,  but  the  phenomena  itself 
is  none  the  less  a  matter  of  common  observation ;  and  in  a 
new  building  it  may  often  be  as  well  to  haug  up  a  little 
drapery  for  a  few  months,  which  can  be  safely  taken  down 
when  all  gets  quite  dry. 

In  the  avoidance  of  actual  reverberation,  notwithstanding 
a  near  approach  to  producing  it,  will  lie  the  great  skill  of  an 
architect,  or,  in  other  words,  the  greater  the  amount  of 
genuine  resonance  he  can  introduce  into  his  building  the 
more  agreeable  will  be  the  effect  it  will  have  upon  the 
human  voice,  and  musical  instruments  of  all  descriptions. 

Some  difference  most  probably  exists  between  the  nature 
of  that  disturbance  produced  by  incomplete  echo,  or  by 
small  sonorous  cavities,  and  that  produced  by  the  excessive 
sonority  of  a  large  body  of  air;  for  there  are  cases  of 
extreme  resonance,  where  an  unfavourable  influence  is 
exercised  upon  sound,  while  yet  no  trace  of  echo  is  percep- 
tible at  all,  and  the  interference  with  sound  is  so  much  more 
musical  than  noisy,  that  it  hardly  can  be  included  under  the 
term  reverberation  as  commonly  understood.     But  the  dis- 

*  Mathematical  Dictionary. 
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tinction  is  a  nice  one,  and  as  separate  terms  do  not  exist, 
the  word  reverberation  must  be  held  to  comprehend  both 
smothered  echo  and  excessive  resonance. 

"  The  coffers,"  observes  Lachez,*  "  with  which  ceilings  are 
decorated,  vaults,  ornamental  niches,  the  reveals  of  doors, 
and  other  similar  recesses,  all  afford  little  cubes  of  air  which 
vibrate  each  one  with  its  own  appropriate  vibrations,  like  a 
kind  of  organ-pipe,  under  the  excitement  of  the  undulations 
in  the  building,  and  add  to  the  fatiguing  resonance  of  halls 
by  augmenting  the  sum  of  confused  noises." 

In  rooms  where  purity  of  tone  and  ease  of  speaking  are 
of  importance,  with  a  view  to  avoid  the  evil  indicated  in  the 
above  extract,  an  evil  the  reality  of  which  is  seldom  recog- 
nised to  the  extent  its  importance  demands,  the  adoption 
of  splayed  reveals  to  window  and  door  openings  will  ordi- 
narily be  found  advantageous;  if  square,  these  reveals  should 
not  in  such  rooms  be  deep  ;  and  deep  coffers  in  the  ceiling 
or  open  square  skylights,  should  be  dispensed  with.  Closing 
up  recesses  in  side  walls  by  means  of  shutters  or  an  inner 
glazed  sash,  and  substituting  plain  ceilings  for  coffered  ones 
(as  was  done  with  success  in  Exeter  Hall),  and  fixing  a 
horizontal  frame  filled  with  glass,  or  even  with  light  canvas 
below  the  opening  of  a  square  skylight,  will  often  effect  an 
improvement  in  rooms  where  the  features  that  have  just 
been  pointed  out  as  injurious  exist,  and  are  found  to  exercise 
a  prejudicial  influence. 

Under  some  exceptional  circumstances,  it  is  desirable  to 
encourage  reverberation — at  least,  it  is  no  disadvantage  for 
it  to  exist  in  public  places  of  mercantile  resort.  If  this  be 
the  object,  almost  any  ordinary  corn  exchange  would  fur- 
nish a  good  model  to  follow,  for  these  buildings  are  nearly 
all  famous  as  being  bad  for  public  speaking ;  they  usually 
have  smooth,  unbroken,  and  lofty  plastered  walls  and  plas- 
tered ceilings,  are  lighted  from  skylights,  and  are  of  some- 
what square  plan  and  lofty  proportions. 

•  Optique  et  Acoustique,  p.  311. 
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In  this  instance,  as  in  many  others,  the  hardness  of  the 
surface  presented  by  the  walls  seems  to  help  to  render  the 
rooms  noisy,  and  this  is  always  likely  to  recur  where  hard, 
smooth  linings  are  employed.  It  is  fair  to  admit  that  the 
opinions  of  some  of  the  writers  to  whom  repeated  reference 
has  been  made  have  been  very  decidedly  expressed  in  favour 
of  the  employment  of  hard  substances  for  the  material,  and 
smooth  plaster  for  the  lining  of  the  walla  that  are  to  contain 
an  auditory.  Lachez*  and  Rhodef  agree  in  this  view,  in 
which,  nevertheless,  it  appears  impossible  to  concur  with 
them.  "Were  it  only  desirable  to  obtain  the  greate3t  amount 
of  sound  possible,  or,  in  other  words,  the  loudest  noise,  re- 
gardless of  quality  or  distinctness,  we  no  doubt  ought  always 
to  employ  the  most  perfect  of  reflectors,  just  as  we  line 
such  a  room  as  a  French  cafe^  which  we  wish  to  render 
dazzlingly  brilliant,  with  mirrors ;  if,  however,  we  desire 
purity  of  tone,  it  will  be  better  to  seek  it  in  the  musical 
tremor  of  wooden  linings  than  in  the  conduction  and 
rattling  reverberation  of  hard  polished  surfaces,  just  as 
with  the  same  aim  as  regards  light  we  should  in  rooms 
where  quiet  brightness  is  desired  replace  the  mirrors  by 
bright  but  lustreless  linings  of  paint  or  paper,  or  by  light 
coloured  draperies.  This  subject  it  will,  however,  be  neces- 
sary to  resume  when  we  come  to  investigate  resonance* 
while  the  principle  now  laid  down  will  be  found  to  be  borne 
out  practically  in  many  of  the  instances  that  will  be  adduced 
of  buildings  good  for  sound. 

Mcho. — Echo  is  one  of  the  simplest  and  best  understood 
phenomena  of  sound.  The  interferences  of  echo  with 
primary  sounds  are  easily  recognised,  the  causes  of  echo 
are  readily  detected,  and  the  ordinary  forms  of  echo  are 
more  completely  reducible  to  laws,  and  more  capable  of 
being  accurately  provided  against,  than  those  of  any  other 
interference  with  distinct  hearing  whatever. 


fti 


*  Optique  et  Acoustique,  pp.  10  and  35. 
t  Theorie  der  Yerbreitung,  &c.,  pp.  61,  62. 
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Sound,  when  it  meets  with  an  obstacle  of  any  extent  op- 
posing a  tolerably  flat  surface  to  its  course,  will  be  refl<^cted  ; 
tliis  is  a  matter  of  common  experience,  and  the  reflection 
or  echo  of  light  is  so  familiar  to  us  from  our  constant  use  of 
artificial  mirrors,  that  the  analogous  action  of  plane  surfaces 
upon  sound  is  recognised  at  once  the  moment  it  is  pointed 
out.  The  general  subject  of  reflection  of  sound,  the  law 
that  governs  that  reflection,  and  the  manner  in  which  reflec- 
tion merges  into  conduction  have  been  already  referred  to.* 

That  particular  description  of  reflected  sound  which  com- 
monly comes  under  the  title  of  echo,  is  heard  when  the  reflecting 
surface  is  at  some  considerable  distance  from  both  the  speaker 
and  hearer,  for  an  echo  is  a  reflected  repetition  of  an  original 
sound,  heard  sensibly  after  that  sound.  If  the  reflector  be 
very  near  the  auditor,  or  very  near  the  speaker,  it  will  be 
obvious  that  the  reflected  sound  will  fall  on  the  ear  almost 
at  the  same  moment  as  the  primary  one,  and  in  that  case, 
although  distinctness  may  be  impaired,  the  peculiar  inter- 
ference that  is  caused  by  the  echo  of  one  syllable  falling  on 
tlie  ear  simultaneously  with  some  subsequent  syllable  will 
not  occur,  and  no  separate  sound  will  be  perceptible. 

To  produce  a  defined  echo  then,  the  reflected  sound  in 
its  passage  from  the  speaker  to  the  reflector  and  from  the 
reflector  to  the  hearer,  must  make  a  sensibly  longer  journey 
than  the  sound  going  direct  from  the  speaker  to  the  same 
hearer.  In  a  large  room  of  any  ordinary  shape  this  can 
hardly  occur,  except  in  consequence  of  reflection  from  a 
lofty  ceiling,  or  of  reflection  from  an  end  wall  opposite  the 
speaker  and  behind  the  hearer ;  in  the  first  case,  the  path 
of  the  sound  going  up  to  the  ceiling  and  coming  down  again 
follows  the  two  sides  of  a  triangle,  of  which  the  path  of  the 
direct  sound  will  describe  the  base;  in  the  second,  the 
reflected  sound  travelling  almost  parallel  to  the  original  one 
]>asses  the  hearer,  at  the  same  time  that  the  original  sound 

•  Ante,  pp.  23,  29. 
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reaches  him,  and  has  subsequently  to  make  the  journey  to 
the  end  wall  and  back  before  it  is  heard  as  an  echo.  ]u 
either  case  the  difference  of  length  between  the  paths  of  tlie 
two  souuda  will  furnish  a  measure  of  the  time  that  will 
elapse  between  the  two  sounds  as  perceived  by  the  auditor. 

Of  echo  from  a  ceiling  the  reading-room  of  the  British 
Museum  furnishes  an  instance.  In  that  room  "  when  few 
are  present,  a  very  great  repetition  is  observable.  Standing 
in  the  centre,  the  echoes  seem  to  come  from  the  crown  of 
the  dome ;  if  on  one  side,  the  echoes  come  from  the  opposite 
side."*  It  does  not  often  happen  that  ceilings  are  suf- 
ticiently  lofcy,  and  so  situated  as  to  give  rise  to  so  distinct 
an  echo,  but  when  that  is  the  case  no  remedy  can  be  applied, 
except  one  that  will  cut  off  the  reflecting  surface  from  direct 
communication  with  the  part  below.  The  article  from 
which  we  have  just  quoted,  mentions  a  large  room  at 
Coblentz,  92  feet  long,  40  feet  broad,  and  46  feet  high, 
which  it  was  found  impossible  to  make  use  of  as  a  public 
law  court  on  account  of  sonorous  disturbance.  This  room 
was  vaulted,  and  hanging  a  sail  cloth  across  at  the  level  of 
the  impost  of  the  vault  proved  a  complete  cure,  so  that  a 
linen  covering,  slightly  painted,  was  permanently  fixed  in 
this  situation,  and  made  to  do  duty  as  a  ceiling. 

The  lower  the  ceiling  the  less  chance  there  will  be  of  an 
echo  from  it,  and  if  it  be  high  it  will  be  well  to  dispose  it  in 
some  such  form  as  will  afford  few  or  no  reflecting  surfaces 
so  directed  as  to  throw  sound  down  upon  the  auditory. 

The  most  satisfactory  treatment  for  the  wall  which  faces 
the  speaker  or  musicians,  and  which  is  the  usual  cause  of 
echo  where  that  defect  makes  itself  observable,  is  to  throw  it 
into  a  semi-circular  sweep,  as  has  been  done  in  the  Free 
Trade  Hall  at  Manchester,  this  will  go  far  to  prevent 
serious    disturbance    from    echo.      A    projecting    gallery, 


*  Arcliitectural  Publication,  Society's   Dictionary  of  Archiecture,  part 
10,  A.D.  ISCO,  art.  Echo,  p.  10. 
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columns,  frequent  openings,  curtains,  cloth  doors,  or  deep 
recesses,  or  some  similar  means  ought  to  be  adopted  at  this 
end  of  any  room  for  public  purposes,  so  as  to  break  up  or  do 
away  with  echoing  surfaces  as  far  as  possible  ;  and  when  an 
echo  actually  exists  from  this,  the  most  dangerous  wall  of 
any  building,  the  most  inexpensive  expedient  will  usually  be 
found  to  be  to  hang  draperies  in  front  of  the  wall,  such  as 
shall  deaden  the  sound  ere  it  reaches  the  reflecting  surface. 
The  erection  of  a  gallery  running  across  the  end  of  such  a 
room,  where  none  existed  previously,  has  frequently  been 
found  to  diminish  and  sometimes  to  destroy  an  echo.  And 
it  will  often  be  found  very  serviceable  in  new  buildings  to 
form  an  end  gallery,  if  it  be  only  a  small  one,  as  it  affords 
a  better  means  than  almost  any  other  of  breaking  up  this 
part  of  the  room. 

A  remarkably  shrill  and  unpleasing  echo  can  often  be 
detected  by  a  person  standing  in  one 
corner  of  a  room  with  square  an- 
gles, if  sounds  are  excited  in  the 
corner  diagonally  opposite ;  in  this 
case  the  sound  is  apparently  twice 
reflected,  and  two  of  these  doubly- 
reflected  echoes  are  heard  at  once. 
The  probable  path  being  repre- 
sented in  the  accompanying  dia- 
gram (fig.  11),  where  s  is  the 
speaker,  and  h  the  hearer. 

In  rooms  of  this  class,  when  they 

are  long,    a   very  unpleasant   shrill 

echo  will  be  often  audible  near  the 

two  remote  corners,  and  in  some  cases  near  all  four  corners, 

even  if  the  speaker  be  placed  centrally ;  this  is  due  to  the 

reflection  of  the  conducted  portion  of  the  sound. 

In  these  rooms,  as  the  dotted  lines  on  tlie  diagram  (fig. 
12)  will  show,  a  portion  of  the  sound  will  be  conducted  along 
the  back  wall  and  each  side  wall,  and  in  either  case  will 


Fig.  11. 


OBSTACLES   AND    ACXILIABIES. 


67 


r" 


i/ 
•> 

H 
li 
ii 
ji 


'$\ 


/ 


Fig.  12. 


meet  a  reflecting  surface  at  right  aogles,  which  will  return 
it  again  along  the  same  wall,  to  the  very  serious  discomfort 
of  those  who  occupy  those  corners  of  the  room.  A  similar 
echo  is  apt  to  occur  where  a  ceiling 
joins  a  wall  at  right  angles.  The 
obvious  method  of  avoiding  these 
defects — defects  which  are  percep- 
tible in  many  rooms  that  are  in 
other  parts  excellent  for  sound  is  to 
cut  off  the  angles  either  by  a  cant  or 
a  curve,  and  to  bring  the  ceiling 
down  on  to  the  walls  by  a  cove  or 
a  sloping  side.  It  will  also  be  ad- 
vantageous, and  often  convenient,  to 
place  entrance  doors  at  the  two 
angles  furthest  from  the  speaker, 
or  in  some  similar  way  to  break  up 
the  plane  surface  in  that  neighbourhood. 

Among  echoes  that  have  become  famous,  some  are  remark- 
able for  the  number  of  repetitions  of  a  single  sound  that 
they  afl:brd,  others  for  the  length  of  time  that  elapses  before 
they  are  heard,  thus  allowing  many  syllables  to  be  uttered 
nil  which  are  faithfully  returned,  and  others  for  the  trans- 
position or  other  alteration  that  the  repeated  sound  has  un- 
dergone before  it  is  sent  back,  but  no  practical  purpose 
could  be  served  by  introducing  the  descriptions  of  them, 
which  are  to  be  found  in  most  works  on  acoustics.* 

The  echoes  that  repeatedly  return  sounds  will  all  be  found 
to  be  produced  by  a  combination  of  two  or  more  reflecting 
surfaces,  in  such  positions  relatively  to  one  another  that  the 
sound  travels  to  and  fro  between  them  till  its  strength  is 
exhausted ;  the  hearer  in  such  a  case  must  of  course 
occupy  a  position  in  the  path  thus  traversed.     Perhaps  the 


*  See  the  works  of  Dr.  Hutton,    Herschel,   Brewer,  &c,,  and  the  Dic- 
tionary of  the  Arcliitectural  Publication  Society. 
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most  celebrated  of  this  class  is  the  one  at  the  Villa  Simo- 
netta,  near  Milan.  The  echoes  that  repeat  many  syllables  do 
80,  of  course,  only  because  the  reflecting  surface  is  remote 
from  the  point  from  which  persons  speak,  and  all  other  cir- 
cumstances are  favourable  to  the  preservation  of  the  force 
of  the  sound  during  so  long  a  journey. 

A  very  few  cases  are  described  as  existiug  of  echoes,  which 
instead  of  repeating  the  original  sound  return  some  har- 
monic of  that  sound.  To  this  phenomenon,  of  which  a 
striking  example  is  said  to  exist  on  the  Lakes  of  Killarney, 
Dr.  Brewer  *  gives  the  name  of  the  harmonic  echo,  and  it 
must  be  admitted  that  its  cause  cannot  at  present  be  ex- 
plained, nor  would  it  be  possible  in  the  absence  of  careful 
observations  and  experiments  to  offer  more  than  a  perhaps 
valueless  conjecture  as  to  the  real  nature  of  so  remarkable 
and  elegant  a  phenomenon.  A  satisfactory  and  self-evident 
explanation  of  the  reasons  why  an  echo  of  this  character 
should  ever  occur,  and  a  description  of  the  combination  of 
circumstances  necessary  to  produce  it,  will  however,  when  it 
can  be  furnished,  be  of  value  to  architectural  acoustics,  as 
tending  to  throw  light  on  that  important  and  obscure 
subject,  the  voice  or  note  proper  to  individual  rooms. 

Bad  proportion  and  bad  shape  have  not  been  separately 
enumerated  among  obstacles  to  the  diffusion  of  sound  in 
buildings,  not  because  they  are  inactive,  but  because  the  in- 
fluence they  exert  ordinarily  takes  the  form  of  one  or  other 
of  the  interferences  already  examined  in  detail. 

Bad  proportion,  for  example,  is  apt  to  lead  to  rever- 
beration, and  consequently  to  indistinctness.  Ill  disposed 
forms  generally  may  produce  both  this  and  all  the  other 
varieties  of  obstacle  enumerated,  or  a  combination  of  several 
of  them ;  and,  on  the  other  hand,  the  securing  a  good 
proportion  and  a  suitable  disposition  for  an  interior  sums 
up  the  whole  secret  of  success,  so  far  as  the  form  of  the 

*  Brewer  on  Sound,  sec.  474,  479. 
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building  apart  from  any  cousideration  of  its  materials  will 
secure  it.  At  the  same  time,  however,  it  will  perhaps  be 
right  that  attention  should  be  directed  to  unsliapeliness,  as 
possibly  the  cause  of  failures  which  cannot  quite  be  at- 
tributed to  any  influence  that  has  yet  been  described.  I  n 
considering  good  proportion  as  an  auxiliary,  it  will  be 
found  that  the  existence  of  certain  and  simple  numerical 
ratios  between  the  main  dimensions  of  a  room  may  be 
expected,  as  has  actually  occurred  in  instances,  such  for 
example  as  Donaldson's  rooms,*  to  lead  to  a  remarkable 
excellence  in  the  quality  of  sounds  produced  there.  The 
absence  of  this  proportion  will  necessarily  be  attended  by 
the  loss  of  this  advantage ;  but  is  it  not  possible  that  the 
existence  of  very  inharmonious  proportions  may  exercise  an 
influence  on  sound,  as  disadvantageous  as  that  of  the  ap- 
proved proportions  is  good  ?  The  cause  in  both  cases 
would  be  of  the  same  nature,  and  an  attempt  will  be  made 
in  the  succeeding  section  to  indicate  the  direction  in  which 
it  is  to  be  sought  for. 

III.  Buildings  can  afford  auxiliaries  to  the  propagation  of 
sound. 

The  form,  materials,  proportions,  dimensions,  and  con- 
tents of  buildings  are  capable  of  exercising  a  favourable  in- 
fluence upon  the  transmission  of  sound,  acting  partly  by 
preserving  the  undulations  from  dispersion  and  decay ; 
partly  by  impressing  an  initial  direction  upon  them,  or  bv 
promoting  their  progress  when  that  direction  is  established, 
and  partly  by  reinforcing  or  strengthening  them.  This  last 
description  of  assistance,  viz.  that  which  acts  favourably 
upon  sounds  by  reinforcing  or  strengthening  them,  is  de- 
rivable from  resonance,  the  other  two  from  reflection  and 
conduction. 

"We  shall  first  therefore  pass  in  review  the  three  agencies 
of  resonant  bodies,  of  reflectors,  and  of  conductors  succes- 
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*  Described  in  the  succeeding  section. 
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sively ;  and  although  it  is  to  a  happy  combination  in  which  each 
of  them  shall  contribute  its  share  to  the  total  result  that  we 
must  look  for  perfect  success,  yet  it  will  be  well  to  form  a 
distinct  idea  of  the  operation  of  each  separately.  It  ia 
almost  needless  to  repeat  that  it  will  be  assumed  through- 
out, while  treating  of  auxiliaries,  that  the  obstacles  con- 
sidered in  the  first  division  of  this  chapter,  have  been  to  a 
great  extent  if  not  entirely  avoided  or  removed,  so  that  free 
scope  for  the  uninterrupted  radiation  of  so  much  sound  as 
would  directly  reach  the  hearers  has  been  secured. 

Three  very  familiar  instruments  in  common  use  will 
supply  us  with  examples  of  the  three  modes  of  action  about 
to  be  considered  and  will  furnish  admirable  standards  for 
reference.  These  are  the  violin,  the  speaking-trumpet,  and 
the  reflector.  Each  of  these  instruments  depends  for  its 
power  over  sound  upon  one  principle  only,  and  there  is  no 
influence  capable  of  being  advantageously  exercised  over 
sound  (unless  possibly  the  influence  of  proportion  proves  to 
be  an  exception),  that  cannot  be  directly  referred  to  a  mode 
of  action  analogous  to  that  of  one  or  other  of  these.  The 
action  of  the  violin  is  an  example  of  pure  resonance  ;  that  of 
the  speaking-trumpet  of  pure  conduction ;  and  that  of  the 
reflector,  as  its  name  imports,  of  pure  reflection. 

It  is  to  the  form  of  a  building  that  we  have  to  look  for 
the  favourable  direction  it  may  impress  upon  sounds,  or 
maintain  in  them,  in  other  words,  for  advantageous  reflec- 
tion or  conduction ;  it  is  to  the  materials,  and  sometimes  to 
the  included  mass  of  air,  that  we  must  look  for  such 
resonance  as  sliall  be  advantageous.  Let  us  examine  then, 
first,  the  assistance  that  the  form  of  the  building  may  afford 
to  the  diff'usion  of  sound,  commencing  with  favourable 
reflection. 

The  laws  governing  the  reflection  of  sound,*  together  with 
the  circumstances  under  which  that  reflection  causes  dis- 

*  Ante,  pp.23,  29. 
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turbance  by  echo,*  being  borne  in  mind,  it  will  need  no 
proof  that  favourable  reflections  cannot  be  expected  from 
the  walls  or  surfaces  behind  the  auditors,  or  from  any  sur- 
faces remote  alike  from  auditors  and  speakers.  It  is  never 
possible  for  a  reflected  sound  to  reach  the  auditors  exactly 
at  the  same  instant  as  the  original  one,  and  consequently 
tliere  is  a  risk  with  all  reflectors  of  impairing  distinctness ;  a 
risk,  however,  which  it  is  often  prudent  to  encounter  rather 
than  to  forego  the  great  addition  to  the  loudness  of  sound 
that  accrues  from  the  employment  of  a  well  placed  reflecting 
surface.  This  indistinctness  seems  to  become  more  apparent 
the  more  hard  and  polished  the  reflector  is,  and  it  is  con- 
sequently common  to  find  that,  if  a  speaker  is  placed  in 
front  of  a  large  mass  of  wall  with  a  hard  plastered  surface, 
the  eflect  upon  his  voice  will  not  be  altogether  a  pleasing 
one,  a  sharp  ringing  echo  will  occur,  too  close  after  the 
original  sound  to  be  distinguished  from  it,  but  too  defined 
and  distinct  to  blend  with  it,  and  very  apt,  consequently,  to 
produce  confusion. 

Such  reflectors,  then,  as  are  likely  to  prove  beneficial  must 
be  suitably  directed  surfaces  in  the  neighbourhood  of  the 
place  where  the  sound  that  is  to  be  assisted  originates,  and 
will  be  more  valuable  auxiliaries  if  of  resonant  material  than 
otherwise;  among  them  are  to  be  included  screens  and 
sounding  boards  of  various  descriptions,  and  also  for  the 
most  part  portions  of  the  walls  and  ceiling  of  the  building. 

The  parabola  has  been  always  a  favourite  form  for  such 
surfaces  with  those  who  have  paid  more  attention  to  the 
theory  of  sound  than  to  practical  experience,  on  account  of 
the  faculty  it  possesses  of  reflecting  as  parallel  all  rays 
which  proceeding  from  its  focus  fall  on  any  part  of  its  inner 
surface. 

Chladni  even  gives  it  as  his  opinion  that  "  when  it  is 
wished  that  an  orator,  or  a  singer,  or  an  instrument  shall 

*  Ante,  p.  54. 
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be  distinctly  heard,  a  parabolic  form  of  the  walls  and  ceiling 
would  be  very  suitable ;  the  two  branches  of  the  parabola 
could  be  made  to  pass  into  parallel  straight  lines  ;  the  sound 
should  be  produced  exactly  in  the  focus  of  the  parabola,  and 
all  that  did  not  directly  arrive  at  the  auditors  would  reach 
them  in  directions  parallel  to  the  axis."  *  These  views  have 
been  shared  by  many  other  writers,  and  a  concave  parabolic 
reflector,  with  the  speaker  in  its  focus,  has  been  considered  as 
a  safe  and  certain  means  of  augmenting  the  intensity  of  the 
voice.  Happily  the  experiment  has  been  pretty  fully  tried, 
and  such  results  as  are  accessible  seem  to  prove  that,  though 
without  doubt  a  great  augmentation  of  the  sound  is  pro- 
curable, yet  the  concomitant  disadvantages  are  so  grave  as 
usually  to  outweigh  the  benefits  of  such  a  reflector. 

For  accounts  of  this  experiment  we  must  have  recourse  to 
a  pamphlet,  published  in  London  in  1829,  giving  a  descrip- 
tion of  a  parabolic  sounding-board  erected  by  a  clergyman, 
the  Rev.  John  Blackburn,  in  his  church  at  AttercliflT,  near 
Sheffield.  The  account  is  well  written,  clear,  and  precise, 
and  may  be  supplemented  by  an  abstract  of  a  paper  com- 
municated by  the  same  author  to  the  Society  of  Arts,  which, 
together  with  correspondence,  is  preserved  in  the  "  Trans- 
actions" of  the  Society.f  From  these  sources,  together  with 
information  very  carefully  collected  on  the  spot,  and  com- 
municated by  Mr.  Holland,  of  Sheffield,  we  gather  that  the 
church  at  Atterclifl*  was  newly  built  at  that  time.  The 
area  of  the  interior  is  a  rectangular  parallelogram,  95  feet 
by  72,  with  an  elliptical  recess  at  the  east  end,  10  feet  deep 
and  32  wide;  the  roof  is  described  as  "vaulted  and  groined," 
and  the  highest  point  of  ceiling  of  nave  is  about  56  feet 
from  the  floor;  there  does  not  appear  to  be  a  clear-story 
in  the  church,  but  there  are  galleries  at  the  sides  and 
west  end. 


•  Acoustiqne,    parag,    210 ;    consult    also    AUgemeine    Musikalisclie- 
Zeituug,  August,  1836. 
t  Vol.  xlriii.  for  1830-31. 
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On  attempting  to  make  U8e  of  the  newly-built  church, 
the  resonance  was  found  powerful,  but  the  sound  so  indis- 
tinct and  confused  that  no  exertions  on  the  part  of  the 
speaker  could  make  him  audible.  The  first  expedient  tried 
was  to  change  the  position  of  the  pulpit,  the  floor  of  which 
is  9  feet  above  the  level  of  the  church  floor.  It  was  tried 
in  various  situations,  and  the  least  bad  was  found  to  be  in 
the  middle  aisle,  and  15  feet  in  front  of  the  altar  rails ;  but 
still  the  evil  was  not  cured.  An  ordinary  flat  sounding- 
board  was  then  tried,  and  proved  beneficial  to  those  seats 
just  about  the  pulpit,  where  it  was  least  needed  ;  "  but  its 
general  effect,"  says  Mr.  Blackburn,  "  was  so  decidedly 
disadvantageous  that  it  was  again  taken  down.*' 

"  The  desired  object  was  to  convey  a  distinct  sound  to 
remote  parts  of  the  church  ;  under  the  impression  that  this 
might  be  attained  by  intercepting  so  much  of  the  sound  as 
escaped  behind  and  echoed  in  this  part  of  the  vaulted  roof, 
as  also  by  giving  it  a  right  direction,  and  conceiving  that  a 
parabolic  figure  might  be  so  applied  as  to  answer  these  ends; 
the  author  of  the  pamphlet  made  the  trial,  and  the  issue  has 
more  than  realised  his  hopes  and  expectations." 

It  is  furtlier  stated  that  after  the  reflector  had  been  fixed, 
persons  in  the  end  galleries  "  were  able  to  hear  even  better 
than  those  near  the  pulpit,  but  at  the  sides ; "  and  in  fact 
the  difficulties  of  speaking  and  hearing  were  felt  to  be 
entirely  removed. 

The  reflector  was  constructed  very  carefully  of  pine 
wood,  and  was  fixed  with  its  axis  inclined  forward  to  the 
plane  of  floor,  at  an  angle  of  about  10  or  15  degrees,  and 
elevated  so  that  the  speaker's  mouth  might  be  in  the  focus  ; 
its  dimensions,  as  given  in  the  pamphlet,  were  as  follows : — 

The  distance  from  the  focus  to  the  vertex        =  2  feet. 
The  length  of  abscissa  =  4  feet. 

The  length  of  co-ordinate  to  axis  —  >^Vl  feet. 


k 


=  nearly  5  "7. 

=  radius  of  outer  circle. 
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The  paper  read  before  the  Society  of  Arts  was  accom- 
panied by  a  model,  now  in  the  Natural  Philosophy  collection 
of  models  at  London  University  College,  and  from  inspect- 
ing this  and  some  cuts  in  the  pamphlet,  one  can  gather  that 
the  reflector  must  have  appeared  a  great  incumbrance  to 
the  pulpit,  a  defect  which  perhaps,  however,  could  be  in 
part  obviated,  were  there  no  other  obstacle  to  the  employ- 
ployment  of  this  instrument. 

The  publicity  given  to  this  successful  experiment,  an 
outline  of  which  was  also  communicated  to  the  Eoyal 
Society,  induced  a  repetition  of  it  in  other  churches,  one  of 
the  first  attempts  being  made  at  Cambridge  by  the  late 
Professor  Parish,  who  subsequently  wrote  to  the  secretary 
of  the  Society  of  Arts,  saying  that  there  was  no  part  of  his 
church  in  which  the  sound  was  not  louder  than  before  the 
sounding  board  was  put  up,  but  that  the  greatest  improve- 
ment was  gained  by  tliat  part  of  the  audience  who  were  at 
the  greatest  distance,  so  much  so  that  the  remote  end  of  the 
church  had  become  the  most  favourable  for  hearing.  In  at 
least  thirty  instances  was  this  expedient  tried,  including  one 
new  church  at  Darnall,  also  near  Sheffield,  where  the  end  ot 
the  building  was  built  in  a  parabolic  shape,  and  the  pulpit  fixed 
in  the  focus.  Among  the  number  may  be  mentioned, 
besides  the  reflector  at  Cambridge,  two  erected  at  Oxford ; 
one  at  Trinity  Church,  Huddersfield;  one  at  St,  Sepulchre's, 
Smithfield  ;  one  at  St.  Philip's  Church,  Sheffield ;  and  the 
last  known  to  have  been  erected  some  seven  or  eight  years 
ago  at  Duckenfield,  near  Manchester.  A  reflector  of  a 
similar  character  is  or  was  fixed  behind  the  pulpit  in  Trinity 
Church  at  Margate. 

As  the  reflector  came  to  be  more  extensively  tried,  it  was 
far  from  being  so  universally  liked  as  its  success  at  first 
seemed  to  render  probable,  and  both  the  original  one  at 
Attercliff",  and  many  of  those  subsequently  erected  have  been 
since  pulled  down  ;  the  great  objections  to  their  use  being 
that  the  speaker  heard  the  echo  of  his  own  voice  dinned 
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into  his  ears  in  a  bewildering  manner,  while  he  was  also 
liable  to  be  molested  by  hearing  the  little  sounds  produced 
among  the  auditory  down  to  the  whispers  of  the  occupants 
of  the  furthest  part  of  the  church,  collected  as  in  a  great  ear 
and  intensified  till  the  slightest  of  them  were  audible.  This 
annoyance  was  to  some  clergymen  so  intolerable  that  they 
found  it  impossible  to  occupy  pulpits  fitted  with  the  re- 
flector. 

Further,  the  benefit  of  the  apparatus  could  only  be  de- 
rived by  those  who  were  able  to  keep  themselves  from 
moving  about,  as  any  remoteness  of  the  mouth  from  the 
centre  of  the  rellector,  caused  a  corresponding  diminution  in 
the  volume  of  reflected  sound  ;  and  lastly,  experience  proved 
that  the  result  obtained  at  Cambridge,  namely  that  all  parts 
of  the  church  were  benefited  by  the  reflector,  did  not  follow 
its  introduction  in  all  cases,  for  in  one  instance,*  one  of 
these  reflectors  after  being  in  use  a  short  time  had  to  be 
removed,  because  though  it  assisted  those  directly  in  front 
of  the  speaker,  it  robbed  those  at  the  sides,  showing  that 
probably  the  apparatus  will  be  much  more  serviceable  in  a 
long  narrow  building  than  in  a  wide  one.  It  is  not  impos- 
sible that  in  the  Attercliff"  church,  where  it  was  originally 
introduced,  and  at  the  time  found  indispensable,  the  need 
for  assistance  to  the  voice  may  have  been  greatly  diminished 
by  the  walls  and  plastering  becoming  perfectly  dry,  but  it 
has  not  been  possible  to  ascertain  whether  this  is  the  case. 

The  experiment  in  its  general  results  seems  to  show  that, 
while  a  powerful  means  of  throwing  forward  the  voice  in  one 
direction  is  unquestionably  within  our  reach  wherever  thes3 
reflectors  can  be  applied,  the  number  of  instances  in  which 
they  will  be  available  cannot  be  expected  to  be  great ;  and 
further,  that  such  a  feature  as  a  parabolic  reflector  can  never 
without  danger  be  introduced  as  part  of  the  structure  of  a 
building,  but  ought  always,  where  employed,  to  be  a  piece  of 

*  St.  Philip's  Church,  Sheffield. 
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furniture  onlj,  and  one  capable  of  speedy  removal  when 
necessary. 

An  ingenious  application  of  the  reflector  has  been  lately 
made  with  very  happy  results  by  Mr.  Penrose,  in  St.  Paul's 
Cathedral,  where,  as  is  well  known,  a  temporary  pulpit  has 
been  erected,  and  a  multitude  of  seats  placed  in  the  central 
part  of  the  church  under  the  dome,  for  the  accomodation  of 
the  great  congregations  that  have  attended  special  services 
there,  of  which  services  sermons  formed  an  important  part. 

It  was  soon  found  that  the  echo  from  the  dome  interfered 
with  the  comfort  of  both  preachers  and  hearers,  and  that  an 
expedient  for  correcting  this  defect  was  necessary.  Ac- 
cordingly a  reflector  of  organ-pipe  metal,  10  feet  in  diameter, 
was  fixed  over  the  pulpit  in  a  horizontal  position,  the  section 
of  which  was  hyperbolic,  and  with  the  convex  side  turned 
downwards.* 

The  effect  hoped  for  was  that  first  the  direct  sound  going 
up  into  the  dome  would  be  cut  off,  and  then  that  some 
portion  of  it  would  be  thrown  laterally  over  the  congre- 
gation, and  these  objects  appear  to  have  been  quite  attained. 
A  remarkable  result  attributed  by  the  architect  to  this 
reflector,  is  that  at  a  small  elevation  above  the  floor,  for  ex- 
ample in  one  of  the  side  galleries,  the  preacher  is  not  nearly 
so  well  heard  as  he  is  by  persons  standing  at  the  same  dis- 
tance and  among  the  crowd,  notwithstanding  the  advantage 
of  an  undisturbed  and  direct  line  of  communication  above 
the  heads  of  all  the  congregation.f 

It  will  be  observed  that  this  application  of  a  flat  curve 
to  the  purposes  of  a  sounding  board  is  free  from  the  objec- 
tions justly  urged  against  the  parabolic  reflector  of  Mr. 


*  A  familiar  iliustration  of  this  unusual  arrangement  may  be  obtained 
by  supposing  for  an  instant  that  the  pulpit  is  represented  by  a  common 
wine  glass,  and  holding  over  it  at  a  few  inches  distant  a  watch  glass  with 
the  hollow  upwards.     The  watch  glass  will  then  represent  the  reflector. 

+  See  Transactions  of  Royal  Institute  of  British  Architects,  session  1860- 
61  ;  Discussion  on  Paper  on  Acoustics.  Session  1858-59,  paper  on  St. 
Paul's  Cathedral. 
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Blackburn ;  it  will  not  cut  off  the  sound  from  persona 
behind  or  at  the  side  of  the  pulpit,  not  a  vibration  of  the 
sound  that  reaches  it  will  ever  be  again  returned  from  it  to 
the  preacher,  and  if  it  be  at  all  large  it  does  not  impose  any 
necessity  of  standing  constantly  in  exactly  the  same  part  of 
the  pulpit.  These  considerations  make  it  worth  attention 
as  a  form  that  might  frequently  be  substituted  with  ad- 
vantage for  the  flat  form  of  sounding  board  in  common  use 
in  churches.  At  the  same  time  it  must  be  borne  in  mind 
that,  while  the  action  of  a  sounding  board  like  this  is  uniform, 
it  must  also  of  necessity  be  feeble  in  comparison  with  that 
exercised  in  one  given  direction  by  a  concave  reflector  on 
the  plan  of  Mr.  Blackburn. 

The  parabolic  reflector  has  been,  at  least  in  one  remark- 
able instance,  em.ployed  to  prevent  the  transmission  of 
sound.  This  was  done  in  the  United  States,  in  the  Berks 
county  prison,  and  some  account  of  the  arrangement  is  to  be 
found  in  "  The  Builder."  *  It  appears  that  in  this  prison, 
which  is  constructed  on  the  cellular  system,  now  commonly 
adopted  in  this  country,  it  was  desired  to  prevent  the  pos- 
sibility of  communication  between  the  occupants  of  adjoining 
cells,  which  even  if  the  walls  would  transmit  no  sound,  had 
been  known  to  take  place  through  the  air-flues  belonging  to 
the  ventilating  apparatus.  There  were  two  such  flues  in 
each  cell,  one  connected  with  the  inlet  and  the  other  with 
the  outlet  air  channel,  and  the  account  states  that  "  two  en- 
largements are  made  in  the  flues  10  feet  apart,"  meaning 
probably  two  in  each  flue,  and  that  in  each  of  them  is  fixed 
a  reflecting  surface  made  of  earthenware,  and  in  the  form  of 
a  paraboloid.  The  direction  in  which  the  axis  of  the  reflec- 
tor was  fixed  is  not  specified,  probably  it  was  parallel  to  the 
sides  of  the  tube,  and  the  concavity  of  the  reflector  was 
directed  towards  the  end  of  the  tube  from  which  the  sound 
would  come. 

The  result  was  the  perfect  isolation  of  the  cells  in  respect 

♦  For  1S47— p.  618. 
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of  sound,  it  being  quite  impossible  to  hear  the  loudest 
shouting  at  all  from  one  cell  to  another.  The  cost  of  these 
reflectors  was  it  is  said  extremely  small. 

Under  ordinary  circumstances,  a  straight  reflector  will  be 
found  more  advantageous  than  any  other,  principa]ly,no  doubt, 
on  account  of  its  action  being  pietty  uniform,  though  only 
moderate,  and  it  will  act  better  above  the  speaker,  and  at  a 
slight  inclination,  say  from  20°  to  30°,  than  if  it  be  behind  him, 
and  either  perpendicular  or  inclined,  or  above  him  and  hori- 
zontal. It  will,  however,  even  if  horizontal,  be  of  some  use, 
especially  if  it  projects  some  way  forward  in  front  of  the  posi- 
tion of  the  speaker.  The  sounding  boards  commonly  fixed 
over  pulpits,  both  in  our  own  places  of  worship  and  in  con- 
tinental clmrches,  are  undoubtedly  very  advantageous,  and 
often  almost  indispensable,  and  they  are  mostly  horizontal. 

The  material  of  which  a  reflector  is  composed  is  probably 
an  element  of  great  weight  in  determining  the  amount  of 
benefit  derivable  from  it.  In  the  Surrey  Music  Hall  a  large 
reflector  was  fixed,  inclining  a  little  upwards,  but  not  at  a 
great  angle,  and  went  over  the  entire  orchestra.  This  it  is 
believed  was  very  conducive  to  the  success  of  that  building, 
and  it  was  especially  required  that  it  should  be  constructed 
not  only  of  wood,  but  entirely  of  old  materials,  dry  and 
thoroughly  seasoned. 

From  wliat  has  just  been  said,  it  will  therefore  be  seen 
that  a  double  advantage  is  procurable;  by  bringing  down  the 
ceiling  over  a  speaker's  head  and  contracting  the  walls  on 
each  side  of  him,  not  only  is  a  great  deal  of  space  saved, 
but  surfaces  are  ordinarily  obtained,  the  reflecting  action  of 
which  is  likely  to  prove  fiivourable.  In  all  arrangements  of 
this  kind  it  is  well  to  bear  in  mind  that  surfaces  must  not 
be  so  placed  that  they  will  throw  the  sound  on  to  some 
second  surface  behind  or  above  auditors,  from  which  it  will 
be  reflected  down  among  them ;  should  this  be  allowed  to 
occur,  an  echo,  or  some  disturbance  approaching  to  it,  will 
be  audible.     In  most  ordinary  large  rooms,  as  was  shown 
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at  p.  5G,  a  disturbance  of  this  nature  is  audible,  should 
sound  be  excited  in  one  of  the  angles  of  the  room,  to 
those  auditors  seated  in  the  angle  diagonally  opposite. 

We  may  now  turn  to  direction  and  conduction  of  sound, 
a  subject  closely  allied  to  reflection,  and  of  which  the  speak- 
ing-trumpet furnishes  us  our  illustration. 

A  conduction  or  direction  of  sound,  such  as  shall  in  con- 
nection with  favourable  reflection,  prove  an  auxiliary  to 
hearing  in  buildings,  implies  that  a  portion  of  the  sound 
which  might  have  passed  off  without  advantage  to  the 
hearers  is  thrown  forward  into  a  useful  line,  that  the 
sound  whether  reflected  or  directly  radiated  has  free  scope 
to  travel  where  it  is  wanted  to  go,  and  that  the  shape  of 
the  building  is  such  as  not  only  to  admit  of  its  reaching 
certain  points,  but  in  a  sense  to  guide  it  towards  them. 

It  is  difficult,  perhaps,  too,  unnecessary,  to  lay  down  any 
rules  for  the  conduction  of  sound,  and  we  shall  have  to 
remain  satisfied  with  a  few  general  principles,  the  applica- 
tion of  which  to  individual  cases  must  be  left  a  good  deal  to 
the  discretion  of  the  architect  at  the  time. 

At  page  26,  the  conduction  of  sound  to  great  distances, 
where  its  lateral  decay  was  prevented,  came  under  notice, 
and  it  is  very  much  to  this  cause  that  the  power  of  the 
speaking-trumpet  is  due.  This  instrument  was  long  thought 
to  act  by  reflecting  the  sound  from  side  to  side ;  but  this 
theory,  now  known  to  be  inconsistent  with  the  laws  that 
govern  the  reflection  of  sound,  was  practically  shown  by 
the  experiments  of  M.  Hassenfratz,  so  far  back  as  1804,  not 
to  be  in  accordance  with  observed  phenomena.  That  philo- 
sopher presented  a  paper  to  the  Institute  of  Trance,  which 
has  been  quoted  by  most  subsequent  writers  as  detailing 
the  best,  perhaps  the  only  decisive,  series  of  experiments  on 
the  action  of  this  instrument.* 

•  An  abstract  is  to  be  found  in  the  Journal  de  Physique,  vol.  lix.  for 
1804  (not  vol.  Ivi.,  as  erroneously  stated  by  Chladni,  and  copied  from  his 
work  by  five  or  six  writers).  The  original  paper  appears  to  have  been 
yrinted  in  "  Le  Recueil  des  Savans  Etrangers." 


70  THE    ACOFSTICS    OF    PUBLIC    BUILDING?. 

It  was  found  in  the  course  of  these  experiments  that 
while  variations  in  form  of  the  speaking  trumpet  affected 
its  power,  the  material  of  which  it  w^as  made  miglit  be 
altered  without  any  change  in  the  sound  heard ;  so  that  a 
speaking-trumpet  of  polished  brass  and  one  of  paper,  or 
one  lined  with  cloth,  would,  if  of  good  shape,  be  equally 
useful.  The  conclusion  come  to  by  M.  Hassenfratz  was, 
that  the  air  contained  in  the  interior  capacity  of  the  instru- 
ment being  enclosed  by  its  walls,  is  compressed  by  the 
impulses  of  the  sonorous  body  in  a  more  vigorous  manner 
than  would  be  the  case  if  the  walls  had  no  existence ;  each 
individual  particle  consequently  contracts  a  greater  ampli- 
tude of  vibration  in  that  direction  in  which  it  is  free  to 
move,  and  is  capable  of  transmitting  that  action  to  a  greater 
distance  before  it  is  entirely  lost. 

Of  all  forms  there  seems  little  reason  to  doubt  that  the 
form  of  a  speaking-trumpet  is  the  most  appropriate  for  con- 
ducting sound  onwards  with  undiminished  force,  and  in  fact 
the  action  of  a  speaking-trumpet  seems  almost  to  intensify 
the  original  sound,  so  completely  does  it  collect  the  whole  of 
it,  and  impress  an  onward  direction  on  it.  A  room  like  a 
large  speaking-trumpet  would  be  too  unsightly  an  object  for 
it  to  be  practicable  to  carry  it  out  literally,  but  one  with 
divergent  walls  near  the  speaker,  and  a  rising  ceiling  over 
him,  will  be  enough  like  a  speaking-trumpet,  with  a  straight 
sided  tube  beyond  it,  to  favour  transmission  of  sound.  In 
divergent  walls  and  an  ascending  roof  there  is,  too,  another 
advantage,  because  by  them  the  space  behind  and  above  the 
speaker  is  contracted,  as  has  been  already  explained  to  be 
desirable. 

This  arrangement,  when  it  imparts  to  the  sound  a  strongly 
marked  direction,  will,  as  in  the  case  with  the  speaking- 
trumpet,  send  it  on  in  that  direction  almost  exclusively,  and 
a  very  moderate  amount  of  lateral  confinement,  coinciding 
with  this  initial  direction,  whether  that  initial  direction  be 
produced  as  now  described,  or  imparted  by  a  reflector,  or 
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merely  due  to  the  natural  degree  of  forward  impulse  commu- 
nicated by  every  speaker  to  his  words,  will  prolong  the  range 
within  which  it  remains  audible  to  a  great  extent. 

If  these  views  are  correct,  it  seems  to  follow  that  when 
the  limits  of  direct  radiation  of  sound  are  exceeded,  the 
speaker  should  be  placed  near  one  extremity  of  the  building, 
and  the  arrangement  of  the  room  should  be  made  subser- 
vient to  the  double  aim  of  first  imparting  to  sound  an  initial 
direction,  and  then  conducting  it  forward  in  that  direc- 
tion. So  that  any  very  large  building,  to  be  acous- 
tically good,  ought  to  have  one  dimension  decidedly  predo- 
minating over  the  others,  and  that  dimension  usually  its 
length,  for  you  cannot  greatly  extend  a  huilding  in  every 
sense  without  its  soon  becoming  so  vast  that  a  voice  will  be 
lost  in  it,  but  you  may  ivith  safety  extend  it  very  greatly  in 
that  direction  in  which  the  voice  is  travelling ;  it  will  further 
follow  that  there  should  be  as  little  breaking  up  of  the 
volume  of  sound  as  practicable,  as  few  pocket  holes  for  it  to 
be  lost  in,  or  projections  for  it  to  be  broken  up  against  as 
possible ;  and  further,  there  should  be  unquestionably  good 
proportion  in  the  entire  structure. 

It  must  be  borne  in  mind  that  the  form  of  the  apartment, 
when  it  is  spacious,  seems  to  exercise  a  great  influence  upon 
the  progress  of  sound,  and  that  wherever  the  sound  is 
wanted  to  get  to,  there  should  a  way  be  made  straight  and 
uninterrupted :  also  that  as  few  opportunities  as  possible 
for  its  escape  on  its  way  should  present  themselves,  for 
every  such  opportunity  will  be  sure  to  draw  off  a  portion  of 
the  force ;  and  lastly,  that  a  great  stream  of  sound  is  more 
audible  than  a  little  current,  even  at  the  same  distance  from 
the  source. 

It  does  not,  however,  follow  from  all  this  that  there  is  no 
danger  from  perfectly  smooth  unbroken  walls  and  ceiling ; 
we  have  already  seen  that  they  are  liable  to  foster  reverbera- 
tion, and  it  is  therefore  probably  always  safer,  to  a  moderate 
extent,  to  break  up  the  surfaces,  and  to  break  up  the  voids 
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also,  as  is  done  by  the  introduction  of  columns,  roof  timbers, 
and  similar  features.  This  is  especially  desirable  in  those 
parts  of  the  internal  surfaces  of  the  building  upon  which  the 
rays  of  sound  fall  at  a  very  flat  angle.  The  conducted  wave* 
that  will  roll  along  the  walls  and  ceiling  in  such  parts,  is 
not  in  itself  of  good  quality,  and  is  peculiarly  liable  to  per- 
nicious reflection  f ;  it  is  better  therefore  that  it  should  be 
dissipated  by  the  unevenness  of  the  surface,  along  which  it 
would  otherwise  travel.  An  illustration  of  a  mode  of  doing 
this  will  be  found  in  the  arrangement  of  the  Free  Trade 
Hall  at  Manchester,  of  which  building  plans  and  a  descrip- 
tion will  be  given  further  on. 

Perhaps  the  Floral  Hall  in  Covent  Grarden  may  be  safely 
referred  to  as  bearing  out  part  of  that  which  has  been  just 
said.  This  building,  which  is  framed  in  iron  and  roofed 
with  glass,  has  a  very  long  nave  and  two  short  transepts, 
and  over  the  space  where  they  cross  a  dome.  Concerts 
have  lately  been  given  there,  the  musicians  being  under  the 
dome  ;  and,  as  might  have  been  expected,  the  dome  and  the 
transepts  seemed  to  swallow  up  much  of  the  sound,  to 
destroy  its  volume,  and  very  remarkably  to  impair  its  tone  ; 
but  there  was  a  great  deal  of  sound  thrown  forwards  into 
the  nave,  and  as  it  advanced  the  influence  of  the  building 
upon  it  appeared  to  increase,  so  that  the  music  was  de- 
cidedly better  heard  at  the  extremity  of  the  nave  than  it 
was  half  way  down,  notwithstanding  that  the  distance  from 
the  orchestra  was  much  greater.  In  this  instance  the 
effect  of  the  roof  and  sides  in  conducting  forwards  that 
portion  of  sound  which  came  into  the  nave  was  very 
evident. 

In  determining  the  form  of  an  interior,  an  analogy,  some- 
what fanciful  perhaps,  but  possibly  suggestive,  may  be  found 
between  a  building  and  a  ship.  It  may  be  presumed  that 
the  motions  of   sound  will  travel  pleasantly  and  undis- 

*  Ante,  page  29.  t  Ante,  page  57. 
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turbedly  past  such  forms  as  would  belong  to  the  interiop 
of  a  vessel,  which  itself  would  move  most  easily  in  a  fluid. 
Certain  it  is  that  a  resemblance  does  exist  between  the 
roofs  of  some  of  our  most  celebrated  acoustic  buildings,  and 
the  inverted  hull  of  some  large  ship,  and  if  there  is  no 
possibility  of  exactly  defining  the  reasons  why  ceilings  of  this 
form  should  be  advantageous,  experience  at  any  rate  is  in 
favour  of  them. 

If,  however,  the  ceiling  is  to  be  flat,  we  have  already 
shown  that  it  ought  not  to  meet  the  wall  at  right  angles. 
A  flat  ceiling  with  canted  sides  seems  to  have  the  advantage 
of  reflecting  down  onto  the  auditory  sound  that  would  other- 
wise be  either  lost  to  them  entirely,  or  else  would  only 
arrive  after  a  double  reflection,  first  from  the  sides  of  the 
ceiling  to  the  side  walls,  and  then  from  those  walls  down 
to  the  hearers.  Of  course  a  flat  ceiling  with  coved  sides, 
or  one  of  oval  or  elliptical  section,  has  to  a  degree  the  same 
eff*ect.  The  ellipse  was  formerly  much  recommended  for 
the  form  of  ceilings ;  and  Gibbs,  a  man  of  experience  in  his 
day,  describing  St.  Martin's  church,  which  he  built,  observes 
— "  The  ceiling  of  the  church  is  elliptical,  which  I  find  by 
experience  much  better  for  the  voice  than  the  semicircular, 
though  not  so  beautiful."  This  form  was  repeatedly  em- 
ployed by  Wren,  and  was  formerly  not  unusual  for  rooms 
and  public  buildings,  and  many  of  those  so  ceiled  have 
undoubtedly  proved  advantageous  for  public  speaking ; 
where  fairly  admissible,  therefore,  it  may  be  looked  on  as 
certainly  safe,  and  ordinarily  advantageous. 
*  We  come  now  to  the  consideration  of  resonance,  as  the 
third  and  last  of  those  auxiliaries  to  sound  which  have 
already  been  enumerated.* 

Eesonance  in  a  building  may  be  described  as  that  quality 
which  alters,  intensifies,  or  prolongs  sounds  produced  there, 
in  the  manner  briefly  described  in  the  first  chapter, f  and 

'  Ante,  p.  60.  t  Ante,  pp.  29,  30. 
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arises  from  vibrations  excited  by  the  sound  itself,  either  in 
the  materials  of  the  building,  or  in  the  air  enclosed  by  its 
walls  and  roof.  In  excess  resonance  merges  into  one  sort 
of  reverberation,  and  long  before  that  point  is  reached 
diminishes  the  distinctness  of  whatever  is  spoken,  even 
while  improving  the  quality  of  the  tone ;  hence  it  arises 
that  a  difference  exists  between  the  degree  of  resonance 
safely  admissible,  in  different  buildings,  which  will  be  more 
or  less  as  the  building  is  to  be  used  for  speaking  only,  for 
music  only,  or  for  both. 

It  will  be  recollected  that  when  this  subject  was  first 
mentioned,*  the  violin  was  indicated  as  a  musical  instru- 
ment which  depended  upon  resonance  for  its  peculiar 
powers,  and  which  might  be  with  advantage  kept  in  view, 
as  furnishing  a  means  of  investigating,  by  analogy,  the 
action  of  this  principle. 

It  has  been  already  remarked  that  the  violin  and  in- 
struments of  the  class  which  consists  of  a  resonant  body 
and  a  series  of  musical  strings  brought  into  very  intimate 
relation,  depend  for  all  the  beauty,  and  nearly  all  the  power 
of  their  notes,  upon  the  sympathetic  vibrations  roused  in 
the  reinforcing  body  by  the  strings  when  the  latter  are 
set  in  motion.  M.  Savart  has  in  his  lectures  given  a 
most  interesting  analysis  of  the  nature  and  duties  of  every 
portion  of  a  violin,  and  has  also,  in  a  paper  on  the  subject, 
unfolded  the  results  of  many  experiments.f  Want  of  space 
prohibits  any  attempt  to  give  even  a  condensed  account  of 
his  researches,  but  a  portion  of  their  results  it  seems 
essential  to  introduce. 

It  appears,  then,  that  the  musical  qualities  of  the 
violin  result  from  the  combined  actions  of  all  the  sepa- 
rate parts  of  the  instrument  harmonised  with  wonderful 


*  Ante,  p.  60. 
t  L'lnstitut^   Nos.  319,   321,    323,   327,  1840.     Aunales  de  Chimie, 
torn.  12. 
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success  by  many  concurring  conditions  and  expedients. 
The  resonance  of  the  upper  and  lower  tables,  that  of  the 
sides,  and  that  of  the  included  mass  of  air,  are  all  employed 
in,  and  essential  to,  the  bringing  out  the  tone  of  the  instru- 
ment in  its  perfection. 

Perhaps  no  work  of  human  skill  is  more  really  surprising 
when  scientifically  examined  than  a  good  violin  ;  no  portion, 
even  to  the  smallest,  of  the  instrument  can  be  altered,  much 
less  omitted,  without  deteriorating  the  quality  of  its  sound  ; 
and  yet  there  seems  no  reason  to  suppose  that  the  per- 
fection to  which  it  has  been  carried  is  the  result  of  anything 
except  tentative  experiments,  and  innumerable  and  gradual 
modifications.  M.  Savart  has  shown  that  while  every 
portion  of  the  instrument  shares  in  or  influences  the 
vibrations  it  undergoes,  the  included  volume  of  air  is 
the  one  element  which  dominates  over  and  harmonises  the 
action  of  the  whole.  This  in  the  best  violins  is  of  such 
dimensions  and  so  circumstanced  as  to  vibrate  in  unison 
with  the  key  note  in  which  they  are  intended  to  be  tuned, 
namely,  either  the  C,  giving  512  vibrations  in  a  second,  or 
a  note  about  a  semitone  more  grave.  Each  one  of  the 
tables,  when  independent  of  this  mass  of  air,  has  a  sound  of 
its  own,  and  ought  not  to  be  in  unison  with  the  other  or 
with  the  included  air,  but  yet  when  all  the  parts  are  brought 
together  the  sound  of  the  mass  of  air  preponderating 
over  that  proper  to  the  other  elements,  causes  them  to 
vibrate  in  unison  with  itself;  at  the  same  time,  however, 
the  presence  of  so  large  an  amount  of  resonant  wood  im- 
parts to  the  whole  combination  the  faculty,  which  the  mass 
of  air  would  not  have  possessed  by  itself,  of  reciprocating 
any  note  which  the  strings  emit. 

This  wonderful  compound  resonant  body,  having  thus  a 
note  of  its  own,  and  that  note  in  unison  with  the  lowest 
that  the  strings  fixed  to  it  can  give  out,  lends  itself  to  the 
vibratory  movements  of  those  strings  so  completely  as  to 
sound  in  unison  with  every  note  they  emit,  however  tran- 
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sient  or  however  prolonged,  and  so  conveys  to  the  notes  of 
a  violin  their  peculiar  tone,  intensity,  and  loudness  ;  for 
although  the  manipulation  of  the  bow  affords  the  artist  on 
this  instrument  a  range  of  expression  and  force  almost  in- 
finite, it  must  always  be  borne  in  mind  that  were  the  bow 
and  the  strings  only  used  with  no  resonant  body*  there 
would  be  neither  power  nor  tone,  and,  in  fact,  no  very  great 
amount  of  sound  at  all. 

Two  elements  seem  here  to  be  indicated  to  us,  which  must 
be  considered  both  as  separate  and  combined  in  their  action 
on  sound  in  buildings,  namely,  the  resonance  of  materials, 
and  the  resonance  of  a  mass  of  air ;  and  the  better  to  com- 
prehend their  importance,  which  seems  to  have  received 
from  previous  writers  less  attention  than  it  merits,  it  will 
be  well  to  compare  the  influence  which  resonance  exercises 
over  sound  in  some  simple  instance  with  the  influence  of 
reflection  or  conduction. 

Suppose,  then,  we  take  some  small  sounding  body,  such 
as  a  watch,  a  musical  box,  or  a  tuning-fork  and,  having 
first  made  it  sound,  when  held  in  the  hand  in  the  open  air, 
and  noticed  the  distance  to  which  it  is  audible,  we  then 
in  succession  place  it  in  the  mouthpiece  of  a  speaking- 
trumpet,  in  the  focus  of  a  parabolic  reflector  and  on  a  violin, 
or  a  table,  or  a  pianoforte  :  we  shall  find  that  the  three  classes 
of  instruments  affect  its  sound  very  differently.  The  reflector 
and  the  trumpet  will  both  cause  the  sound  to  be  louder 
and  audible  to  a  greater  distance,  but  only  in  one  direction. 
The  person  at  whom  the  trumpet  is  pointed,  or  towards  whom 
the  mirror  faces,  gets  more  sound,  but  a  person  at  the  side 
gets  less ;  and  where  the  quality  of  the  sound  could  be 
accurately  examined  we  should  find  that  there  was  some 
deterioration  in  purity,  and  if  the  sound  were  articulate,  or 
in  some  other  way  very  sharp  and  well  defined,  some  loss 
of  distinctness  would  probably  be  very  evident. 


Ante,  p.  30. 
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The  effects  produced  on  the  primary  sound  by  contact 
with  a  violin,  a  table,  a  pianoforte,  or  any  other  resonant 
body,  are  very  different ;  it  will  be  rendered  perceptibly 
louder,  but  there  will  be  an  equal  diffusion  of  it  in  the  room, 
so  that  though  it  may  not  travel  so  far  in  one  direction  as 
either  of  the  other  instruments  would  send  it,  yet  as  far  as 
it  extends  it  will  be  equally  heard  in  every  direction  (thus 
showing  that  resonance  is  'peculiarly  adapted  to  aid  natural 
diJpusion)y  and,  further,  will  not  only  lose  none  of  its 
distinctness,  but  it  will  gain  in  quality,  so  as  to  become 
richer  and  more  musical  than  before. 

This  experiment  may  be  taken  to  show  pretty  plainly  that 
by  employing  the  resonance  of  elastic  materials,  either  alone 
(as  in  the  table)  or  combined  with  a  body  of  air  (as  in  the 
violin),  we  have  the  means  of  strengthening,  and  at  the 
same  time  improving  the  quality  of  sounds  emitted  under 
such  circumstances  as  to  command  their  support ;  and  this 
is  unquestionably  more  than  can  be  said  in  reference  to  any 
agents  that  act  by  conduction  or  reflection.  Let  us  now 
for  a  moment  inquire  into  that  less  pliable  influence  exercised 
over  sounds  by  a  resonant  body  of  air  of  determined  magni- 
tude, independent  of  the  solid  substances  that  cut  it  off 
from  the  surrounding  atmosphere. 

If  we  take  as  an  instance  the  column  of  air  in  an  organ- 
pipe,  voiced  to  a  certain  note,  and  hold  near  the  mouth  of 
the  pipe  two  or  three  tuning-forks  in  succession,  of  which 
one  only  will  emit  the  note  proper  to  the  organ-pipe  (or  its 
octave  or  other  harmonic),  we  shall  observe  that  the  sound 
of  that  fork  will  be  very  perceptibly  intensified  by  the  sym- 
pathetic vibrations  of  the  air  in  the  tube,  while  that  of  the 
other  tuning-forks  remains  unaltered  or  nearly  so;*  thus  illus- 
trating the  general  truth  already  announced,  that  whenever 
a  resonant  body  has  a  note  peculiarly  its  own,  its  sympa- 
thetic vibrations  afford  a  more  energetic  support  to  that 

*  See  Wheatstone's  papers  in  "Quarterly  Journal  of  Science,  Ac.,'* 
vol.  iii. 
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note  or  its  harmonics  than  to  any  other.  This  may  be  shown 
in  a  different  manner  by  placing  a  tuning-fork  in  a  state  of 
vibration  near  the  mouth  of  a  flute,  of  wliich  the  keys  and 
holes  are  so  fingered  that  a  person  blowing  the  flute  would 
produce  the  same  note  that  the  tuning-fork  gives  out ;  the 
column  of  air  in  the  flute  reinforcing  the  feeble  note  of 
the  tuning-fork,  a  full  clear  sound  will  become  audible. 
If  the  fingering  of  the  flute  be  now  altered  to  that 
suitable  for  a  different  note,  the  sound  will  be  greatly 
decreased,  though  still  some  slight  support  may  be 
afforded. 

These  simple  experiments  demonstrate  very  clearly  the 
inflexible  nature  of  a  mass  of  air,  when  so  disposed  as  itself 
to  emit  a  note,  if  uninfluenced  by  any  contiguous  body  of 
a  different  character,  and  offer  a  strong  contrast  to  the  usual 
action  of  a  plate  of  elastic,  well-seasoned  wood,  which,  it  has 
been  demonstrated,  will  vibrate  in  unison  with  any  sound  or 
sounds  brought  into  connection  with  it,*  as  is  shown,  for 
instance,  in  the  sounding-board  of  a  pianoforte. 

It  appears  then  that,  in  the  influence  upon  sounds  of 
resonant  bodies,  we  possess  a  means  of  altering  their  tone 
and  intensifying  them,  and  that  this  will  be  best  done  by 
bodies  having  the  property  of  vibrating  almost  equally  well 
in  sympathy  with  any  note,  i.e.,  not  producing  any  very 
decided  musical  note  of  their  own.  The  alteration  in  tone 
so  produced  is  due  to  the  quality  of  the  new  substance 
caused  to  vibrate,  while  the  increase  in  volume  and  intensity 
results,  the  first  from  the  greatly  enlarged  bulk  of  the 
vibrating  body,  and  the  other  from  its  vibratory  energy  ;  for 
it  has  been  satisfactorily  shown  by  Savart,  that  these  in- 
duced vibrations  will  sometimes  possess  an  energy  very  much 
greater  than  the  power  originally  brought  to  bear  on  the 
primary  sounding  substance  could  have  produced,  if  applied 
directly  to  the  resonant  body. 

*  Wheatstone  in  Journ.  R.  Inst.,  vol.  ii.  1831.    Ante,  p.  32. 
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It  will  now  become  desirable  to  see  if  these  principles 
cannot  be  shown  to  be  applicable  to  buildings. 

In  all  apartments,  large  or  small,  we  have  necessarily  a 
body  of  air  present,  and  we  may,  if  we  please,  consider  every 
room  as  a  kind  of  gigantic  organ-pipe,*  the  note  of  which 
can  be  excited  in  some  cases  by  any  noise  of  any  sort,  in 
others  only  by  some  one  or  more  sounds  bearing  a  certain 
relation  to  the  pitch  of  its  proper  note,  and  if  this  note 
becomes  audible,  it  commonly  will  be  found  that  when  once 
roused  it  will  "ring,"  that  is  to  say,  will  continue  to  speak 
after  the  original  exciting  sound  has  ceased.  We  may 
further,  if  we  please,  introduce  resonant  materials  that  will 
sound  in  unison  with  every  note  emitted  near  them,  and 
will  cease  to  sound  the  instant  the  original  note  ceases,  and 
will  change  when  a  change  takes  place  in  its  pitch.  Let  us 
consider  each  of  these  agents,  taking  the  last  mentioned  first. 

The  employment  of  so  pliable  an  auxiliary  as  the  reso- 
nance of  wooden  linings,  cannot  fail  in  theory  to  commend 
itself  for  approval,  and  in  practice  will  be  found  to  have 
afforded  great  advantages  where  it  has  been  introduced. 
The  Surrey  Gardens  Music  Hall,  the  Conservatoire  at  Paris, 
Her  Majesty's  Theatre,  the  Ancient  Theatre  at  Parma,  the 
lecture  theatre  at  the  Eoyal  Institution,  most  of  them 
buildings  that  will  be  again  referred  to,  are  all  conspicuous 
for  their  excellent  effect  on  sound,  and  are  all  constructed 
with  a  very  large  amount  of  resonant  material. 

Wooden  ceilings,  a  wooden  sounding-board,  the  lining  of 
walls  with  wood,  and  the  construction  of  internal  fittings 
of  wood,  are  all  methods  of  advantageously  introducing 
resonant  materials.  A  building  on  columns,  with  long 
bearings  for  the  floor,  and  a  hollow  space  beneath,  or  one 
with  vacant  space  above  a  wooden  ceiling,  are  both  likely  to 
be  much  more  resonant  than  if  all  were  pretty  closely 
filled  up  ;  and  the  same  holds  good  of  portions  of  buildings. 

•  Lach6z,  pp.  17,  18. 
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In  the  construction  of  an  orchestra,  for  instance,  various 
attempts  have  been  made  to  render  it  such  as  shall  vibrate 
throughout ;  and  the  common  custom  in  Italy  is  to  fix  the 
orchestra  of  theatres  over  a  species  of  hollow  or  trench,  an 
arrangement  which  no  doubt  afibrds  some  little  additional 
scope  to  the  vibratory  qualities  of  the  wood  of  which  it  is 
built. 

The  ancients  were  acquainted  with  the  advantages  attend- 
ing the  use  of  wood  in  structures  for  public  speaking.  Till 
a  very  late  period,  the  theatres  of  the  Romans  were  all  con- 
structed of  wood,  and  Yitruvius  adduces  this  as  a  reason 
why  the  brazen  vessels  employed  by  the  Grreeks  need  not  be 
introduced,  "  inasmuch,*'  says  he,  "  as  all  public  theatres 
which  are  constructed  of  wood  have  many  floors,  which  are 
necessarily  conductors  of  sound."  *  Modem  writers,  it  must 
be  admitted,  have  not  uniformly  recognised  the  advantage 
of  the  employment  of  such  materials,  and  some  of  them 
have  maintained  that  the  only  assistance  which  the  voice 
can  receive  from  any  quality  of  the  building  is  from  favour- 
able reflections.  It  is  hoped  that  what  has  been  said  has 
shown  that  this  assistance  is  neither  the  only  nor  the  most 
important  that  it  is  possible  to  afford ;  and  in  such  accounts 
of  existing  buildings  as  will  be  shortly  given,  this  point, 
among  others,  will  be  sought  to  be  illustrated. 

It  may  be  noticed  that  in  speaking  of  resonant  materials 
wood  has  been  referred  to  as  if  it  were  the  only  such  material 
available  for  building  purposes.  This,  perhaps,  is  not  strictly 
the  case,  but  the  resonance  of  wood  is  so  far  more  pliable, 
that  is  to  say,  ready  to  lend  itself  to  all  sounds,  than  that  of 
other  substances,  and  has  so  little  "ring,"  or  disposition  to 
continue  souuding  after  the  original  sound  has  ceased,  that 
no  material  is  comparable  to  it,  or  could  replace  it,  even 
were  it  less  available  than  it  is  for  the  purposes  of  the 
builder. 

*  Vit.  Lib.  v.,  cap.  5,  Rudimentary  Series,  vols,  cxxviii.  and  cxxix.  p.  3. 
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Cases  will,  however,  occur,  especially  where  fire- proof  con- 
struction is  deemed  essential,  where  it  may  be  deemed 
desirable  to  introduce  a  resonant  material,  and  yet  inex- 
pedient to  make  use  of  wood.  Probably  experiment  alone 
would  determine  how  far,  and  by  what  means,  these  de- 
siderata can  be  combined.  Membranes  stretched  tight 
seem  to  offer  an  expedient  worth  considering,  though  the 
practical  difficulty  of  keeping  them  always  in  uniform  ten- 
sion would  perhaps  prevent  their  applicability.  The  employ- 
ment of  thin  plates  of  some  hard  metal,  such  as  bell 
metal,  in  such  situations  as  have  at  other  times  been 
filled  in  with  panels  of  wood,  suggests  itself  as  an 
expedient  worth  trying,  where  an  incombustible  resonant 
material  is  required. 

The  only  example*  that  bears  upon  this  point  seems  to  be 
the  custom  of  the  ancient  Greeks,  who,  constructing  their 
theatres  of  stone  or  marble,  sought  to  reinforce  the  voices 
of  the  actors  by  the  resonance  of  small  bodies  of  air,  which 
they  enclosed  in  brazen  jars,  for  which,  however,  they  some- 
times substituted  vessels  of  earthenware,  the  reinforcing 
agent  being  not  the  material  of  the  jar,  but  the  mass  of 
air  contained  in  it.  This  expedient,  and  the  possibility 
of  adapting  it  to  modern  requirements,  will  come  more 
appropriately  under  discussion,  when  we  come  to 
review  the  theatres  of  the  ancients,  but  it  will  not  be 
out  of  place  here  to  draw  attention  to  the  fact  that  among 
ourselves  there  exists  at  least  one  familiar  instance  of  a 
musical  instrument  in  which,  without  perhaps  knowing  it, 
we  reap  the  advantage  of  a  system  of  echeia  on  an  extended 
scale. 

In  the  different  stops  of  an  organ,  we  have  a  series  of  pipes 
tuned  either  in  unison,  or  as  octaves  or  harmonics  of  each 

*  The  reflector  in  St.  Paxil's  cathedral,  described  at  p.  QQ^  is,  however, 
an  instance  of  the  successful  application  of  metal  to  a  purpose  for  which 
wood  has  hitherto  been  more  commonly  employed. 

E  3 
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other ;  so  that  when  a  single  note  is  sounded  on  a  single 
stop  there  are  at  least  as  many  silent  pipes  capable  of  sound- 
ing  the  same  note  as  the  instrument  possesses  stops,  and 
four  or  five  times  that  number  to  which  it  bears  a  harmonic 
relation  ;  there  can  be  no  doubt  but  that  resonance  must 
be  excited  in  some,  perhaps  in  all  of  these  pipes,  by  that 
note,  and  that  to  the  blending  of  the  mingled  resonance  of 
many  quiet  pipes  with  the  note  uttered  by  those  actually 
speaking,  we  are  indebted  for  the  beauty  and  solemnity  of 
tone  exhibited  by  this  noble  instrument,  and  especially  for 
the  tone  of  single  stops  played  unaccompanied.  It  follows 
that  the  presence  of  an  organ  in  an  orchestra  or  in  a  church, 
even  when  the  instrument  is  not  made  use  of,  will  be  of 
some  service  to  the  tone  of  other  musical  instruments,  or  of 
the  human  voice. 

It  is  difficult  to  say  whether  the  presence  of  resonant 
materials  to  the  utmost  possible  extent,  might  of  itself  in- 
duce excessive  resonance,  but  coupled  with  the  sonority  of 
the  atmosphere,  it  may  sometimes  do  so.  This,  however,  is 
a  fault  on  the  right  side,  as  it  is  easy  to  tone  down  any 
approach  to  excess  by  the  introduction  of  carpets,  matting, 
or  cushions.  It  must  also  be  remembered  that  an  audience 
by  their  presence  in  a  room  diminish  its  sonority  very  much, 
so  that  sucli  rooms  as  are  excellent  when  full  are  liable  to 
be  found  noisy  wlien  only  partially  filled.  The  Free  Trade 
Hall  and  St.  Martin's  Hall  present  examples  of  this  defect, 
if  defect  it  can  be  called. 

In  passing  to  the  resonance  of  the  body  of  air  contained 
in  a  room,  we  approach  topics  that  cannot  be  considered  as 
having  been  elucidated  to  any  great  extent. 

It  is  just  as  true  of  a  column  or  mass  of  air  in  a  room  as  it 
is  of  that  contained  in  an  organ-pipe  or  a  drum,  that  its  actual 
volume,  the  dimensions  and  shape  which  it  assumes,  and  the 
divisions  that  may  be  set  up  in  it,  all  play  a  part  in  the 
production  of  any  sonority  that  may  exist,  and  in  determin- 
ing the  nature  and  pitch  of  such  sound,  and  consequently 
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we  should  require  for  tlie  full  elucidation  of  the  dangers 
to  be  feared"  or  benefits  to  be  obtained  from  the  mass  ot 
air  in  a  room,  viewed  as  itself  able  to  emit  and  to  rein- 
force sounds,  correct  data,  both  theoretical  and  practical, 
relative  to  the  nature  of  the  undulations  and  vibrations  that 
can  be  set  up  in  large  masses  of  air,  and  the  influence  upon 
them  of  the  proportions^  the  shape,  and  the  actual  dimen- 
sions of  the  containing  walls.  Towards  the  furnishing  of 
these  data  little  has  yet  been  done,  and  it  will  hardly  be 
possible  here  to  do  more  than  indicate  the  general  direction 
which  such  investigations  as  will  throw  light  on  this  subject, 
may  be  expected  to  take,  and  to  give  a  few  obvious  sugges- 
tions for  general  application. 

The  violin  has  shown  us  that  an  included  body  of  air 
maintains  its  proper  musical  note  with  so  much  more 
persistency  than  the  thin  plates  of  wood  in  which  it  is 
included,  that  when  the  instrument  is  struck,  or  in  any 
other  way  made  to  give  out  its  own  note,  that  note  is  the 
one  proper  to  the  mass  of  air,  and  not  that  proper  to  the 
tables  of  wood;  and  further,  that  under  the  influence  of 
the  vibrations  of  the  strings,  this  mass  of  air  is  made  to 
assist  the  plates  of  wood  in  reinforcing  all  the  sounds  pro- 
duced by  the  performer ;  and  lastly,  that  it  does  this  most 
perfectly  when  it  has  a  note  in  perfect  harmony  with  the 
fundamental  note  of  the  strings.  Now,  a  good  room  is  in 
sery  nearly  the  same  condition ;  any  resonant  materials  that 
may  be  employed  discharge  the  same  functions  as  the  walls 
of  the  instrument,  and  the  included  mass  of  air  is  also 
made  to  support  the  emitted  sound,  in  the  same  way  as 
that  included  in  the  violin. 

The  existence  of  the  proper  note  of  different  rooms  has 
long  been  recognised,  and  it  may  be  fairly  supposed  that  its 
purity,  and  perhaps  its  pitch,  are  as  important  as  they  are 
in  the  instance  of  the  violin.  The  production  of  this  note 
is  due  to  the  same  laws  which  regulate  the  pitch  of  an 
organ-pipe,  but  with  this  difference,  that  in  the  majority  of 
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instances  the  note  actually  heard  is  only  a  harmonic,  or  a 
blending  of  several  harmonics  of  the  real  note*  It  would, 
no  doubt,  be  very  advantageous  to  have  the  means  of 
securing  that  this  note  should  be  of  some  definite  pitch, 
ascertained  by  experiment  (as  in  the  violin)  to  be  advan- 
tageous, but  failing  that,  it  is  very  obvious,  if  the  analogy 
with  the  violin  hold  good,  that  it  will  be  of  advantage 
for  that  note  to  be  pure  in  tone ;  and,  if  it  is  possible,  to 
show  that  good  proportions  in  a  room  *may  be  supposed, 
without  a  great  stretch  of  imagination,  to  be  conducive  to 
purity  in  the  note  proper  to  that  room,  some  light  will 
have  been  thrown  upon  a  fact  admitted  in  common  practice, 
more  readily  than  accounted  for  in  theory,  namely,  that  such 
proportions  as  are  pleasing  to  the  eye  are  ordinarily  satis- 
factory in  their  influence  on  the  ear. 

If  in  an  empty  room  of  some  size  we  make  any  sudden 
noise,  as,  for  instance,  a  stamp  with  the  foot,  it  will  ordi- 
narily be  possible  to  trace,  as  the  sound  dies  away,  the 
appearance  of  a  musical  note — the  note  under  considera- 
tion. This  is  most  probably  occasioned  by  the  recurrence 
of  echoes  from  end  to  end,  and  from  side  to  side,  and  from 
floor  to  ceiling.  Suppose,  now,  that  the  dimensions  of  the 
room  bear  to  one  another  some  simple  ratio  —say  that  of 
height  1,  width  2,  and  length  4 — it  will  follow  that  the 
repetitions  caused  by  these  echoes  will  strike  the  ear  of 
any  hearer  in  any  part  of  the  room  at  equally  recurring 
intervals."  For  instance,  in  a  room  28  feet  high,  56 
feet  wide,  and  112  feet  long,  the  echo  in  each  direction 
would  follow  paths  of  which  that  from  floor  to  ceiling 
and  back  would  be  56  long,  and  consequently  could  be 
traversed  20  times  in  a  second ;  f  that  from  one  side  to  the 
other  and  back  would  be  112  feet  long,  and  traversed  10 
times  in  a  second ;  and  that  from  end  to  end  and  back  224 
feet,  and  traversed  5  times  in  a  second.     There  would  be 

*  Ante,  p.  10.  t  OmittiDg  minute  fractions. 
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other  echoes  audible,  varying  with  the  relative  positions  of 
the  hearer,  and  the  point  where  the  sound  was  made,  but 
the  equable  recurrence  of  those  just  enumerated  would  be 
what  would  excite  sonorous  agitation  in  the  air.  Now  from 
the  known  property  of  sounding  strings  or  columns  of  air 
to  divide  themselves  into  equal  portions,*  we  may  assume  it 
probable  that  the  waves  thus  produced  would  be  subdivided 
into  many  shorter  undulations  by  nodes ;  and  a  brief 
examination  of  the  bature  of  our  supposed  room  will  show 
that  this  subdivision  would  only  make  the  three  sets  of 
supposed  motions  coincide  more  frequently.  For  instance, 
the  division  of  the  longitudinal  undulation  into  two  would 
make  it  coincide  with  the  transverse  wave  ;  its  division  into 
four  would  coincide  with  the  vertical  wave,  or  with  the  sub- 
division of  the  horizontal  wave  into  two,  and  so  on  to  any 
extent.  As  notes  composed  of  five,  ten,  or  even  twenty 
repetitions  in  a  second  are  not,  however,  ordinarily  audible,t 
it  is  certain  that  the  note  of  the  room — if  the  hypothesis 
now  thrown  out  be  correct — will  be  higher  than  that  due 
even  to  the  vertical  undulations  supposed,  but  there  is  (in 
the  absence  of  actual  experiment)  good  reason  to  believe 
that  this  note  would  be  a  harmonic  of  the  one  due  to  20 
vibrations  per  second,  that  is  to  say,  would  have  40,  60, 
80,  or  some  similar  higher  number  of  vibrations,  producible 
by  subdividing  the  column  of  air  by  a  given  number  of 
nodal  points,  and  that  it  would  be  pure.  % 

Supposing,  however,  the  dimensions  such,  that  reflections, 
as  they  successively  strike  the  ear,  come  always  at  irregular 
and  quite  incommensurable  intervals,  that  is  to  say  that  the 
pulsations  passing  and  repassing  from  side  to  side  will  very 
seldom  coincide  with  those  passing  from  end  to  end,  or  from 
floor  to  ceiling,  the  result  will  be  that,  from  the  moment 
that  the  sound  proper  to  the  room,  and  excited  in  it  by  the 

*  Ante,  p.  10.  +  Ante,  p.  13. 

Z  See  Mr.  Scott  Russell's  paper,  reported  m  Building  News  for  Dec,  1858. 
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echoes  of  any  other  sound,  begins  to  appear,  a  noise,  and  not 
a  note,  will  be  audible. 

Any  badly-proportioned  room,  even  if  small,  will  display 
this  noisy  character ;  and  some  small  and  ill-shaped  rooms 
seem  to  possess,  in  addition,  a  stronger  tendency  to  emit 
sound,  whenever  they  are  spoken  in,  than  is  ever  the  case 
with  shapely  rooms. 

This  hypothesis  may  prove,  after  all,  to  be  wide  of  the 
actual  truth;  and  it  will  require  careful  experiments  to 
decide ;  but  it  has  at  least  probability  on  its  side,  and  offers 
a  possible  solution  of  the  difficult  question  oi proportion.  To 
those  who  may  propose  to  attempt  its  further  elucidation, 
the  apparatus  of  Savart,  already  described,*  seems  to  afford 
the  means  of  investigating,  with  some  hope  of  a  profitable 
result,  the  condition  of  the  air  in  a  room.  By  means  of  this 
apparatus,  Savart  establi8hed,t  beyond  doubt,  the  existence 
of  lines  of  greatest  agitation  in  the  air  (and,  consequently,  of 
nodes) ;  and  his  further  discovery  of  the  arrangement  of 
them  cannot  be  better  told  than  in  the  words  of  Herschel. 
"  If  we  carry  an  exploring  membrane,  such  as  already 
described,  about  the  apartment,  noting  all  the  points  where 
it  vibrates  most  forcibly,  allowing  ourselves,  as  it  were,  to  be 
led  from  spot  to  spot  by  its  indications,  we  shall  trace  out 
in  the  air  of  the  room  a  curve  of  double  curvature,  marking 
the  maxima  of  the  excursions  of  the  aerial  molecules.  If  the 
experiment  be  made  in  a  gallery  or  passage,  whose  length  is 
its  principal  dimension,  this  curve  will  be  found  to  be  a  kind 
of  spiral,  creeping  round  the  walls,  floor,  and  ceiling  obliquely 
to  the  axis  of  the  gaUery,  thus  presenting  a  marked  analogy 
to  the  disposition  of  the  nodal  lines  in  a  long  rod  vibrating 
tangentially,  which  are  also,  it  should  be  remarked,  imitated 
with  modifications,  more  or  less  complicated,  in  square  or 
rectangular  rods." 

"  A  still  more  remarkable  effect  was  observed  by  M.  Savart 

*  Ante,  p.  81.  f  Ann.  de  Chimio,  torn.  xxiv. 
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in  thus  exploring  the  vibrations  of  the  air  in  an  apartment 
with  an  open  window.  The  spiral  disposition  of  the  vibrating 
portions  was  found  to  be  continued  out  of  the  window  into 
the  open  air,  the  lines  of  the  greatest  intensity  running  out 
in  great  convolutions,  which  seemed  to  grow  wider  on 
receding  from  the  window,  and  could  be  traced  to  a  great 
distance  from  it."  * 

A  series  of  experiments,  conducted  with  this  or  a  similar 
apparatus  upon  the  air  of  a  room  when  so  roused  as  actually 
to  become  itself  sonorous,  would  probably  yield  valuable 
results,  supposing  it  were  practicable  to  obtain  the  necessary 
observations. 

It  may,  however,  be  long  before  assistance  of  this  nature 
will  be  available,  and  probably  the  best  practical  guide  as  to 
the  proportions  best  suited  for  rooms,  and  the  actual  dimen- 
sions most  advisable,  will  be  obtained  from  a  patient  and 
careful  collection  of  the  principal  dimensions  of  a  large 
number  of  public  rooms,  or  from  observations  made  in  an 
experimental  room  capable  of  being  enlarged  or  contracted, 
and  tested  in  every  possible  way. 

Some  remarkable  instances  of  harmonic  proportion 
between  the  dimensions  of  notoriously  successful  rooms, 
will  come  before  us  in  the  next  chapter — especially  Pro- 
fessor Donaldson's  very  successful  rooms  in  Edinburgh, 
but  the  necessity  for  complying  with  other  requirements, 
especially  in  cases  where  buildings  occupy  a  limited  site, 
and  the  difficulty  in  many  cases,  where  rooms  are  not 
perfectly  simple  in  form,  of  ascertaining  exactly  which 
dimensions  are  of  importance  and  which  are  not  so, 
will  probably  often  render  it  impossible  to  adopt  such 
proportions,  and  may  even  deter  architects  from  making 
the  attempt. 

It  seems  probable  that  any  accidental  circumstances  which 
favour  the  division  of  the  vibrating  mass  of  air  into  waves  of 

♦  Ency.  Metr.,  art  "Sound,"  sees.  333,  336. 
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equal  length  may  assist  the  beauty  of  resonance ;  this  idea 
seems  suggested  by  the  extreme  richness  of  the  natural 
sounds  capable  of  being  roused  in  our  cathedrals  and  large 
churches  where  the  uniform  succession  of  piers  and  vaulting 
compartments  seems  to  afford  a  system  of  obstructions  at 
equal  distances,  the  probable  action  of  which  will  be  to  esta- 
blish nodal  points,  and  so  favour  the  production  of  musical 
sound.  Certain  it  is  that,  whether  from  this  circumstance, 
or  merely  from  the  long  column  of  air  they  contain,  these 
buildings  are  unrivalled  in  the  musical  richness  of  the  sup- 
port which  they  afford  to  singing,  intoning,  or  chaunting. 
Like  the  little  mass  of  air  in  the  violin,  with  which  we  started, 
this  resonant  atmosphere  will  lend  itself  to  the  support  of 
any  note  or  any  chord  whatever,  although  as  the  sound  is 
dying  away  the  proper  note,  or,  more  exactly,  the  proper 
chord,  for  it  is  generally  a  series  of  harmonic  notes  blended 
together  which  is  heard,  first  mingles  with  and  then  over- 
powers the  fading  note  that  has  excited  it;  and  the  way 
in  which  prolongation  of  the  original  sound  passes  into 
the  one  belonging  to  the  building  is  one  of  the  most 
beautiful  of  all  the  phenomena  of  sound;  this  is  to  be 
heard  nowhere  in  greater  perfection  than  in  the  choir  of 
Westminster. 

Canterbury  is  celebrated  among  our  cathedrals  for  the 
influence  it  exerts  upon  sound ;  a  note  or  a  chord  sung  in 
some  parts  of  that  building  will  be  heard  for  an  extraordinary 
length  of  time,  and  as  if  slowly  travelling  round  the  whole 
church.  The  distinctness  with  which  sounds  are  heard  from 
end  to  end  of  the  nave,  has  also  been  remarked  by  Mr.  Scott 
Eussell  ;*  but  in  this  respect  Canterbury  differs  from  most 
churches  conspicuous  for  their  musical  resonance,  as  the 
very  circumstances  that  so  enhance  the  beauty  of  the  music, 
and  of  the  portions  of  the  service  performed  in  a  manner 


*  Paper  before  R.  Inst.  Brit.  Arch. 
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adapted  to  such  buildings,  and  no  doubt  devised  to  corre- 
spond with  their  acoustic  requirements,  render  it  t)ften  diffi- 
cult to  read  and  preach  with  distinctness,  and  so  as  to  be 
audible  to  any  great  distance. 

We  are  thus  led  round  to  excessive  aerial  resonance,  due 
to  the  presence  of  a  very  large  mass  of  air,  and  are  now  in 
a  position  to  advance,  with  tolerable  probability,  the  opinion 
that  such  resonance  will  be  the  more  obnoxious  the  less 
musical  or  pure  it  is.  Probably  the  amount  of  sonority 
which  a  practised  speaker  can  not  only  endure,  but  control 
in  a  cathedral,  would  render  his  speaking  entirely  inaudible 
in  an  ordinary  room  or  an  irregularly  shaped  building ;  and 
it  is  also  probable  that  in  a  room  lined  with  wood  or  other 
resonant  materials,  a  certain  favourable  influence  is  exercised 
over  the  mass  of  contained  air  sufficient  to  permit  of  the 
presence  of  a  large  volume  with  comparative  impunity. 

In  all  cases,  however,  where  distinctness  of  hearing 
and  ease  of  speaking  are  the  main  essentials,  and  where 
musical  effect  is  of  secondary  importance,  it  may  be 
very  confidently  asserted  that  it  is  right  to  diminish 
the  volume  of  air  contained  in  the  room  to  the  smallest 
amount  compatible  with  good  proportion,  and  the  preser. 
vation  of  free  space  for  the  sound  to  penetrate  direct 
to  every  spot  that  it  is  wished  to  reach.  Sound  is,  as 
has  been  already  observed,*  absorbed  by  empty  space, 
since  the  larger  the  mass  of  air  to  be  set  in  motion  the 
greater  demand  upon  the  effijrts  of  the  speaker,  whose 
voice  ought  always  entirely  to  fill  the  room,  and  further, 
the  greater  the  sonorous  mass,  if  it  be  sonorous,  the  longer 
will  its  independent  sound  be  maintained,  and  the  louder 
will  it  be. 

Consequently,  rooms  for  public  speaking  ought  to  be 
low  in  proportion,  if  they  are  of  the  ordinary  classes,  i.e,, 

*  Ante,  pp.  39,  40. 
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actually  rooms  -where  the  main  auxiliaries  are  conduction 
and  reflection,  and  where  the  auditory  occupy  the  floor,  and, 
perhaps,  a  single  gallery.  If,  however,  they  are  buildings 
adapted  to  the  unaided  radiation  of  the  voice,  like  theatres, 
and  have  the  audience  in  tiers  of  lofty  gallerios,  then  they  will 
with  propriety  be  lofty,  but  as  much  restricted  as  may  be 
in  the  area  they  cover.  The  one  dimension,  either  of  area 
or  height,  as  the  case  may  be,  which  can  be  diminished 
without  trenching  upon  the  accommodation  afi'orded,  ought 
always  to  be  as  much  restricted  as  possible,  for  the  sake  of 
limiting  the  gross  cubical  contents  of  the  building. 

In  this  and  the  preceding  chapter,  as  much  has  been  said 
as  to  the  science  of  acoustics  generally,  and  the  application 
of  that  science  to  the  purposes  of  the  architect,  as  it  seems 
possible  to  advance.  The  general  laws  of  sound  have  been 
considered,  and  the  obstacles  and  auxiliaries  which  can 
exist  in  buildings  have  been  passed  in  review.  It  only 
remains  to  consider,  in  the  succeeding  chapter,  some 
instances  of  the  application  of  these  principles  to  actual 
practice ;  and  before  attempting  this  it  seems  appropriate  to 
recall  for  a  moment  the  scope  of  the  observations  made  in 
one  of  the  early  paragraphs  of  this  section. 

Auxiliaries  have  naturally  absorbed  much  of  our  atten- 
tion; they  are  important  in  a  high  degree  ;  there  is  a  natural 
desire  to  know  what  can  be  done  to  favour  sound ;  and  there 
also  can  be  no  question  that  no  very  brilliant  results  can  be 
achieved,  no  building  can  be  erected  that  shall  command 
an  European  reputation  unless,  in  addition  to  perfect 
freedom  from  all  defects,  every  available  auxiliary  has  been 
brought  to  bear  upon  it,  and  form,  materials,  and  propor- 
tions concur  in  exerting  a  combined  and  advantageous  influ- 
ence upon  its  acoustic  qualities.  It  may  be  even  advanced 
that  the  value  of  auxiliaries,  especially  the  subtler  ones  of 
resonance  and  proportion,  is  very  liable  to  be  underrated,  in 
consequence  of  the  effects  they  produce  being  less  tangible 
and  less  self-evident  than  are  the  injuries  resulting  from 
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great  defects.  If  a  room  be  free  from  an  amount  of  echo, 
and  other  defects,  so  glaring  as  to  render  it  impossible  to 
hear  at  all,  many  persons  will  hardly  stop  to  inquire  whether 
music  sounds  pleasant  and  speakers  feel  unconstrained  in  it 
or  not ;  but  the  architect  who  wishes  to  accomplish  the 
utmost  that  lies  within  his  power  must  remember  that* 
slight  as  is  the  diflerence  between  a  dead  and  a  brilliant 
tone,  or  between  ease  and  effort,  in  that  difference  lies  the 
whole  question,  whether  his  rooms  shall  be  good  or  bad 
music-rooms,  his  churches  the  comfort  or  the  bane*  of  the 
clergymen  that  do  duty  in  them. 

Auxiliaries,  however,  cannot  be  expected  to  produce  their 
proper  effect,  unless  a  clear  scope  is  secured  for  them  ;  and 
it  must  therefore  be  always  remembered  that  the  first  effort 
in  arranging  a  building  ought  to  be  to  avoid  or  remove  all 
obstacles  to  the  free  progress  of  sound.  This  alone,  when 
well  done,  w^ill  secure  no  inconsiderable  measure  of  success, 
although  it  may  not  of  itself  suffice  to  produce  a  brilliant  or 
even  a  complete  result. 

This  negative  precaution  having  been  effectually  taken, 
tlien,  and  not  till  then,  every  resource  must  be  employed 
for  reinforcing  and  sustaining  sound,  not  overlooking  even 
such  auxiliaries  as  may  seem  too  slight  to  be  worthy  of 
much  attention,  or  too  refined  to  be  of  practical  utility  by 
the  side  of  others  more  obvious  and  more  ostensibly  ser- 
viceable ;  because  it  can  only  be  by  the  combination  of  a 
number  of  agencies,  each  in  itself  contributing  but  a  mode- 
rate and  a  proportionate  share  of  advantage,  that  complete 
satisfaction  will  be  attainable.  The  influence  of  even  a 
valuable  auxiliary  may  become  injurious  if  pushed  to  excess 
or  employed  too  exclusively  ;  thus  reflection  may  be 
expanded  to  echo,  resonance  may  deteriorate  into  noise, 
a  musical  support  to  the  voice  may  be  exaggerated  till  it 

•  See  paper  on  Church  Arrangement  by  Mr.  Blomfield,  in  the  Builder 
for  i860. 
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drowns  all  distinctness.  It  ought,  therefore,  to  be  our 
aim,  not  to  make  any  building  conspicuous  for  one  excel- 
lence only,  or  to  guard  it  against  one  defect,  but  rather 
to  secure  for  it  an  equal  proportion  of  every  advantage 
within  our  reach,  and  protect  it  from  every  possible  mis- 
chance, esteeming  no  fault  too  small  to  be  injurious,  and  no 
advantage  so  insignificant  as  not  to  be  worth  an  effort,  no 
matter  how  great  a  degree  of  excellence  may  be  reasonably 
supposed  to  have  been  already  secured. 


SECTION  III. 


APPLICATIONS. 


In  attempting  to  point  out  the  practical  application  to  be 
made  of  the  theoretical  principles  which  it  has  been  at- 
tempted to  educe,  the  most  useful  method  will,  it  is  believed, 
be  as  far  as  possible  to  combine  into  groups  those  buildings 
or  classes  of  buildings  which  in  relation  to  sound  depend 
upon  the  same  great  principles  for  their  success,  and  then 
to  explain  in  succession  the  properties  of  the  various 
classes  of  buildings  included  in  these  groups ;  adding  in 
illustration  descriptions  of  a  few  celebrated  examples,  and 
showing  in  what  respects  they  bear  out  the  views  laid 
down. 

It  must  at  the  same  time  be  borne  in  mind  that  it  is  one 
thing  to  examine  the  characteristics  and  qualities  of  an 
existing  building,  and  to  trace  their  conformity  to  general 
laws,  and  another  and  a  more  difficult  one,  possessing  the 
general  laws  only,  to  apply  them  with  certainty  and  success 
to  the  treatment  of  a  projected  building.  In  this  art,  as  in 
many  others,  the  best  method  of  becoming  familiar  with  the 
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value  of  theoretical  maxims  is  to  bring  them  to  the  test 
afforded  by  a  comparison  with  actual  practice. 

The  variety  observable  in  the  disposition  of  all  the  essen- 
tial parts  of  buildings  for  public  purposes  depends  upon  the 
fact  that  the  destination  of  a  large  public  building  is  seldom 
such  as  to  leave  its  form,  proportions,  and  materials  entirely 
free  to  be  fixed  according  to  the  laws  of  sound.  Ordinarily 
a  multitude  of  other  circumstances  give  a  decided  character 
to  all  these,  and  the  consideration  of  what  will  favour  hear- 
ing has  to  be  combined  with  preparations  for  filling  up 
other  parts  of  a  settled  programme.  This  is  why  it  would 
be  insufiicient  merely  to  devote  a  little  attention  to  the 
general  application  to  buildings  of  the  principles  just  laid 
down,  and  becomes  requisite  to  consider  the  special  require- 
ments of  individual  instances. 

The  course  about  to  be  taken  having  now  been  announced* 
it  may  serve  the  convenience  of  the  reader,  if  he  be  here 
informed  of  the  order  in  which  public  buildings  will  be 
arranged. 

We  propose,  then,  to  commence  with  buildings  in  which 
the  voice  spreads  wholly  or  chiefly  by  direct  natural  radia- 
tion, and  in  this  category  shall  have  to  consider  the  theatres 
of  the  ancients,  modern  theatres,  lecture  rooms,  and  courts 
of  justice.  We  shall  next  pass  to  buildings  where  sound  is 
directed,  preserved,  or  conducted,  and  shall  commence  with 
ancient  basilicas,  and  then  notice  in  succession  modern 
churches  and  other  places  of  public  worship,  halls,  and  large 
and  small  rooms.  Some  remarks  on  such  irregular  struc- 
tures as  cannot  be  classed  among  the  above,  and  a  few  con- 
cluding observations,  will  then  be  all  that  it  will  be  neces- 
sary to  add. 

Some  writers,  including  the  author  himself,  on  a  previous 
occasion*  have  divided  buildings,  according  to  their  size^ 
into  those   which  lie  within   and   those  which   exceed  the 

*  Paper  before  Architectural  Association. 
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dimensions  limiting  the  natural  radiation  of  sound.  Such 
a  division,  however,  does  not  place  the  question  in  the 
clearest  light,  and  the  classification  resulting  from  its 
employment,  though  frequently  coinciding  with  what  seems 
the  most  natural  arrangement,  yet  sometimes  departs 
from  it. 

If,  regardless  of  dimensions,  we  divide  structures  into 
those  where  radiation  of  sound  governs  -the  form,  and  those 
where  the  directing  and  preserving  influence  of  the  walls 
and  roofs  does  so,  we  shall  have  two  essentially  different 
groups — groups  which,  without  much  violence,  we  might 
distinguish  as  the  natural  and  the  artificial,  and  of  which 
the  characteristics  are  mainly  these. 

In  the  buildings  where  sound  is  directly  radiated  from 
the  speaker  to  the  hearers  much  as  in  the  open  air,  the  out- 
line of  the  building  approaches  a  circular  or  semicircular 
shape,  the  extreme  limit  of  the  building  being  for  the  greater 
portion  of  its  extent  about  at  the  same  distance  from  the 
speaker,  and,  the  area  being  restricted,  the  seats  are  dis- 
posed either  in  an  amphitheatrical  way  or  in  galleries  : — such 
buildings  may  be  lofty,  and  often  are  so. 

In  the  buildings  where  the  sound  is  directed  by,  or  con- 
ducted along  w'alls  and  ceilings,  preserved  by  them  from 
lateral  escape,  and  aided  by  reflection  from  them,  the  form 
of  the  building  combines  with  the  initial  impulse  of  the 
sound,  and  conducts  it  onwards  in  one  direction. 

Such  buildings  are  therefore  necessarily  oblong,  they 
usually  ought  not  to  be  lofty,  and  they  are  commonly  rect- 
angular on  plan. 

It  will  be  found  that  ordinarily  one  or  other  of  these 
principles,  with  the  attendant  proportions  here  described, 
ought  to  prevail  in  every  structure,  though  of  course  there 
will  be  instances  in  which  a  building  will  partake  of  some 
of  the  properties  of  both  groups  ;  such  instances  are,  how- 
ever, not  numerous. 

It  will  also  be  found  that  the  auxiliary  aid   of  resonant 
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materials,  and  that  of  reflectors  behind  and  above  the 
speaker,  are  available  in  the  structures  of  both  groups.  The 
consideration  therefore  of  the  possibility  of  applying  these 
two  modes  of  helping  sound  ought  to  enter  into  the  cal- 
culations of  the  architect  upon  every  occasion. 

Lastly,  as  has  already  been  hinted,  the  limit  of  size  is  not 
easily  fixed  (if  any  such  limit  really  exists),  which  will  render 
the  employment  of  one  or  other  principle  obligatory,  for 
though  the  principle  of  conduction  (or  artificial  arrange- 
ment) seems  to  promise  to  afford  a  means  of  enabling  larger 
audiences  to  hear  than  it  can  be  hoped  that  the  human 
voice,  however  well  supported,  could  reach  by  direct  radia- 
tion, yet  one  of  the  best  known  authorities  on  the  subject  * 
has  considered  as  practicable  the  erection  of  a  building 
similar  to  a  theatre  in  general  shape,  and  consequently  de- 
pending mainly  upon  natural  radiation  of  sound,  within  the 
walls  of  which  an  audience  could  find  accommodation  and 
would  be  able  to  hear,  more  than  twice  as  numerous  as 
there  is  any  reason  to  believe  has  ever  been  addressed  at 
one  time  in  any  room,  of  oblong  form,  and  constructed  to 
favour  the  artificial  preservation  and  conduction  of  sound. 

I.  Buildings  in  which  the  voice  spreads  wholly  or  chiefly 
by  direct  natural  radiation. 

If  we  endeavour  to  imagine  under  what  conditions  a 
speaker  might  address  a  large  auditory,  so  that  the  sounds 
of  his  voice  should  reach  every  hearer  as  directly  as  possible, 
and  as  free  as  possible  from  interference  or  echo,  it  can  hardly 
fail  to  strike  us  that  the  wall  enclosing  the  audience  ought  to 
follow  an  outline,  similar  to  that  of  the  flattened  circle  ob- 
tained by  Saunders'  experiments,t  and  that  the  speaker  ought 
to  occupy  a  nearly  central  position,  there  marked  by  the  letter 
A.  What  was  subsequently  said,  J  on  the  method  of  avoid- 
ing obstructions  will  lead  us  to  arrange  that  the  seats  shall 


Mr,  Scott  Russell  before  Institute  of  British  Architects, 
t  Ante,  p.  34.  X  Ante,  pp.  43  to  46. 
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rise  one  behind  another  like  steps,  those  at  the  back  being 
the  most  steep,  and  that  the  position  of  the  speaker  shall 
be  a  little  elevated.  Convenience  of  arrangement  and  the 
necessity  for  allowing  every  one  the  best  opportunity  of 
directing  his  eyes  upon  the  speaker  will  both  dictate  a  con- 
centric arrangement  of  seats;  and,  finally,  the  desireable- 
ness  of  preserving  a  space  for  the  entrance  and  exit  of  the 
speaker,  or  for  the  exhibition  of  objects  that  have  to  be 
beheld  by  the  audience,  will  induce  us  to  omit  the  seats 
behind  the  speaker,  where,  indeed,  auditors  would  be  per- 
fectly unable  to  watch  his  face  and  gestures,  though  they 
might  hear  him  well. 

The  speaker  will  now  find  himself  the  focus  of  something 
like  a  hollow  sphere  of  listeners,  not  too  remote  from  even 
the  most  distant  to  be  distinctly  perceived  and  heard,  and 
as  he  turns  from  side  to  side,  alike  open  to  the  gaze 
of  every  hearer  in  the  building,  and  himself  enjoying  perfect 
command  of  every  face  before  him. 

All  these  requirements  have  never  been  so  successfully, 
perfectly,  and  simply  attained  as  in  the  theatres  of  the 
ancients ;  and  we  take  a  Grreek  theatre  *  as  the  most  perfect 
type  of  the  amphitheatrical  class  of  buildings,  the  class  in 
which  the  auditors  hear  principally  by  direct  natural  radiation 
of  the  voice,  and  of  which  the  distinctive  features  are  stepped 
seats  on  section,  and  a  curved  outline  on  plan.  The  seats  for 
the  audience  in  a  Greek  theatre  were  of  stone,  often  hewn 
out  of  the  liYe  rock,  and  were  ranged  amphitheatrically  above 
and  behind  one  another,  and  swept  round  in  a  curve  con- 
siderably more  than  a  semicircle,  stopping  against  a  lofty 
wall,  with  a  deep  and  wide  central  recess  in  it,  w^hich  formed 
the  scene.      The  stage,  elevated  to  a  considerable  height, 

*  See  for  descriptions  and  plans  of  various  ancient  theatres,  the  illustra- 
tions to  Gwilt's  Vitruvius,  Rudimentary  Series,  vols,  cxxviii.  and  cxxix  ; 
Saunders  on  Theatres  ;  Smith's  Diet,  of  Greek  and  Roman  Antiquities  ; 
Strack's  Altgriechische  Theater-gebiiude ;  and  the  supplementary  volume 
to  Stuart's  Athens. 
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occupied  tbe  space  in  front  of  this  central  scene,  irom 
it,  but  at  a  lower  level,  projected  the  orchestra,  on 
which  the  chorus  with  their  leader  were  placed,  and  from 
which  they  sang.  The  chorus  was  originally  the  most  im- 
portant part  of  a  Greek  drama,  and  hence  to  it  this  central 
situation  was  assigned — the  very  beat  one  possible  for  being 
seen  and  heard.  Behind  the  seats  was  a  lofty  enclosing 
wall,  often  with  a  range  of  columns  against  the  inner  face. 

The  theatres  of  the  Romans  were  similar  in  general 
arrangement,  the  principal  difference  being,  to  quote  from 
Smith's  dictionary,  "  that  the  seats  of  the  spectators,  which 
rose  in  the  form  of  an  amphitheatre,  did  not  form  more  than 
a  semicircle,  and  that  the  whole  of  the  orchestra  likewise 
formed  only  a  semicircle,  the  diameter  of  which  formed  the 
front  line  of  the  stage." 

Over  the  auditory  was  stretched,  as  a  protection  against 
the  sun's  rays,  a  vast  awning  called  a  "  velarium,"  and  this, 
it  may  be  fairly  considered,  tended  a  little  to  prevent  the 
dispersion  of  the  voice.  A  very  good  idea,  both  of  the 
velarium  and  of  the  auditorium  or  audience  part  of  a  Eoman 
theatre,  may  be  obtained  by  inspecting  the  Great  Handel 
Orchestra  in  the  Crystal  Palace.  This  is  similar  in  form 
and  arrangement  of  seats  to  what  we  have  been  describing ; 
and  if  a  lofty  wall  with  a  recess  for  the  stage  be  supposed 
to  be  built  in  the  nave  of  the  Palace,  as  high  as  the  enclo- 
sure behind  the  highest  range  of  seats,  and  the  parallel  to 
the  present  front  of  this  orchestra,  but  someway  back,  a 
stage  being  formed  behind  the  spot  at  present  occupied  by 
the  conductor's  place  and  the  seats  near  it,  a  good  general 
idea  will  have  been  formed  of  one  of  those  vast  yet  com- 
modious structures. 

The  most  ancient  of  these  erections  were  of  wood,  and  in 
Greece  after  a  time  the  wooden  ones  were  entirely  replaced 
by  new  and  splendid  buildings  in  stone  or  marble  ;  but  from 
Vitruvius,  as  well  as  other  authorities,  it  appears  that  in 
Home  theatres  were  even  till  a  late  period  customarily  con- 
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strutted  of  wood ;  and  as  has  been  already  remarked,  he 
assigns  that  as  a  reason  why  vessels  to  reinforce  the  sound 
were  not  needed  in  them.  In  the  stone  structures  it  was  found 
tliat  the  support  which  the  voice  receives  from  resonant 
substances,  a  support  closely  resembling  that  which  a 
singer  derives  from  an  instrumental  accompaniment,  was 
not  afforded  as  it  had  been  in  timber  buildings,  and  the 
expedient  was  devised  of  introducing  resonant  vases,  termed 
echeia  ('hx"«)j  and  formed  usually,  but  not  always,  of  bronze. 
They  were  fixed  in  open-mouthed  cavities  prepared  for  them 
under  the  seats  of  the  theatre ;  the  capacity  and  form  of 
the  vessels  being  such,  and  so  graduated,  that  the  contained 
air  in  them  would  give  forth  a  musical  series  of  sounds  when 
set  in  vibration. 

Vitruvius  prescribes  *  that,  in  a  theatre  of  moderate  size, 
a  zone  of  thirteen  of  these  cavities  shall  run  round  at  half 
the  height;  but  adds,  "if,  however,  the  theatre  be  on  a 
larger  scale,  the  height  is  to  be  divided  into  four  parts, 
so  that  three  ranges  of  cavities  may  be  provided,  one  for  har- 
monic, the  second  for  chromatic,  and  the  third  for  diatonic 
vases." 

To  some  who  have  asserted  that  the  echeia  t  cannot  pos- 
sibly have  produced  any  beneficial  result,  it  might  be  almost 
a  sufficient  reply  simply  to  recall  the  admitted  skill  and 
intelligence  of  the  Greeks,  and  to  point  out  how  unlikely  it 
is  that  such  an  arrangement  would  have  been  repeatedly 
made  use  of  unless  proved  actually  to  be  of  advantage,  show- 
ing that  although  that  advantage  may  have  been  of  a  refined 
and  delicate  nature,  it  must  have  been  actual.  This  expe- 
dient, moreover,  notwithstanding  that  it  has  excited  con- 


*  Lib.  V.  c.  5. 
t  Chladni,  Trait^,  s.  209.  For  a  more  complete  description,  and  a  con- 
densed account  of  the  opinions  that  have  been  expressed  on  this  subject, 
consult  the  Dictionary  of  the  Architectural  Publication  Society,  under  the 
head  Echeia. 
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troversy,  and  even  ridicule,  seems  to  have  been  fourded 
upon  sound  principles ;  for  it  was  pretty  certain  that  the 
voice  of  a  speaker  or  singer  would  find  at  least  one  resonant 
cavity  to  support  it,  and  probably  several.  If  the  view  held 
by  some  be  correct  and  the  dramas  of  the  Greeks  were  not 
spoken,  but  declaimed  in  a  sustained  musical  note,  like 
modern  recitative,  it  would  be  easy  for  the  notes  of  these 
vessels  to  be  called  forth  by  the  voice,  and  to  render  powerful 
support  to  it.  Within  the  last  few  years  some  of  the 
incidental  dramatic  music  written  by  Mendelssohn  has  been 
performed  in  this  country,  associated  with  passages  of  blank 
verse,  that  are  intended  to  be  declaimed  in  a  sustained  slow 
tone,  more  solemn  and  with  less  of  musical  phrasing  than  a 
recitative,  and  supported  by  an  accompaniment  on  brass 
instruments.  The  effect  of  the  slow  dignified  monotone 
thus  accompanied  is  majestic  and  impressive  in  no  common 
degree,  and  suggests  what  may  have  been  the  effect  of  the 
measured  and  semi-musical  declamation  we  have  alluded  to, 
supported  by  the  hollow  resonance  of  echeia,  as  the  modu- 
lations of  the  speaker's  voice  called  one  after  another  of 
them  into  play. 

Almost  any  amount  of  resonance  could  be  permitted  to 
accompany  an  utterance  of  such  a  character,  even  to  an 
extent  that  would  totally  confuse  a  spoken  address  delivered 
with  the  ordinary  degree  of  variation  in  tone,  and  at 
anything  like  ordinary  speed.  We  may,  however,  con- 
clude that  the  employment  of  such  echeia  is  not  likely  to 
be  suitable  in  modern  buildings  intended  for  ordinary 
speaking.  This  view  seems  incidentally  supported  by  the 
fact  that  there  is  no  trace  of  these  vases,  or  any  substitute 
for  them,  ever  having  been  introduced  into  basilicas  or 
fora. 

The  only  case  in  which  a  mode  of  enunciation,  analogous 
to  that  for  which  we  suppose  the  echeia  to  have  been  adapted, 
is  now  in  use,  is  in  the  intoning  of  masses  or  choral  services* 
and  ordinarily  this  takes  place  in  buildings  where  the  air 
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is  abundantly  resonant  without  artificial  means.  Should, 
however,  an  instance  occur  in  which  support  to  the  voice  is 
needed  in  a  non-resonant  church,  where  intoning  is  practised, 
it  seems  rational  to  believe  that  open  vessels  constructed 
and  employed  in  the  same  manner  as  the  echeia  would  be 
beneficial. 

Before  leaving  the  subject  it  may  be  desirable  to  inquire 
whether  any  assistance  was  afibrded  to  the  voice  in  these 
structures  by  other  auxiliaries  than  the  unquestionable  reso- 
nance of  the  timber  in  the  wooden  structures,  and  the  less 
obvious  support  of  the  echeia. 

Vitruvius,  among  his  directions  relative  to  a  theatre,* 
prescribes  that  attention  must  be  bestowed  on  the  choice  of 
a  place,  where  the  voice  falls  smoothly  and  reaches  the  ear 
distinctly  without  an  echo ;  he  then  goes  on  to  describe  dif- 
ferent kinds  of  action  which  in  difi'erent  localities  modify  the 
sound  of  the  voice,  and  concludes  thence  that  "  if  due  care 
be  taken  in  the  choice  of  the  situation  the  effect  of  the  voice 
will  be  improved,  and  the  utility  of  the  theatre  increased.'* 
However  this  may  have  been,  it  is  not  easy  for  us  now  to 
determine,  but  there  seems  no  sound  reason  for  doubting  that 
to  a  building  so  open  to  external  influences  as  an  ancient 
theatre,  hewn  as  it  often  was  out  of  live  rock,  or  built  into  the 
side  of  a  hill,  the  natural  advantages  of  the  locality  selected 
might  be  very  beneficial.  It  is  very  clear  that  the  velarium 
must  have  exerted  a  slight  influence  on  sound,  but  whether 
it  would  not  do  harm  by  deadening  it  as  well  as  good  by 
preventing  its  escape,  may  be  very  fairly  questioned.  There 
seems,  however,  no  ground  to  doubt  that  some  amount  of 
favourable  reflection  took  place  from  the  lofty  wall  behind 
the  stage,  forming  the  scene  with  its  two  advancing  sides. 
In  the  ancient  theatre  at  Orange  this  wall  remains  in  a  very 
perfect  state  of  preservation,  as  well  as  the  seats ;  and 
it  is   difficult  to    visit  that  building  and    try  the  voice 

•  Lib.  V.  c  9. 
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in  it  without  being  impressed  by  the  belief  that  this 
lofty  wall  and  its  wings,  enclosing  the  shallow  stage,  play 
a  most  important  part  in  securing  the  remarkable  facility 
of  hearing  and  ease  in  speaking  which  distinguish  that 
building. 

In  the  works  of  Ehode  *  mention  is  made  of  the  ruins  of 
"  a  theatre  at  Athens,"  the  back  of  which  is  less  than  a 
semicircle,  and  of  which  the  two  sides  are  bounded  by  walls 
radiating  from  a  point  behind  the  back  of  the  stage.  The 
attempt  to  identify  this  theatre  has  not,  however,  been 
successful,  unless  the  ruins  of  the  Pnyx  are  referred  to. 
The  Pnyx  was  a  public  place  where  large  popular  assemblies 
were  held,  and  the  area  it  covered  is  stated  to  have  been 
12,000  square  yards.f  The  outline  of  this  building  shows 
that  at  the  back  of  the  seats  of  the  auditors  there  ran  a 
semicircular  wall  like  that  of  a  theatre,  the  bench  from 
whence  the  orators  spoke  occupying  a  spot  at  the  centre  of 
this  sweep,  at  the  ends  of  which  were  two  walls  which  met 
in  a  very  obtuse  angle  behind  the  speakers,  in  place  of  the 
one  wall  breaking  back  in  the  centre  which  was  ordinarily 
seen  in  theatres. 

Almost  all  modern  theatres  for  dramatic  performances 
have  abandoned  the  stepped  arrangement  of  seats,  while 
retaining,  though  with  modifications,  something  of  the 
outline  of  those  of  the  Greeks  and  Eomans ;  but  there  has 
risen  up  a  class  of  buildings,  more  nearly  analogous  than 
these  to  the  ancient  models,  and  which  it  will  consequently 
be  expedient  to  consider  first — these  are  lecture  theatres* 
often  termed,  though  without  perfect  accuracy,  amphi- 
theatres. 

This  class  of  buildings  has  been  ably  examined  and  illus- 
trated by  Lach^z,t  and   he  gives  an  examination  of  the 

*  Akustik,  p.  41  ;  CLladni,  Traite,  p.  208. 

t  Smith's  Diet.     (Plan  in  supplementary  volume  of  Stuart's  Athens.) 

+  Acoustique  et  Optique,  pp.  85,  105. 
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principal  Amphitheatres  in  Paris,  and  points  out  their 
defects,  the  most  serious  one  being  ordinarily  an  injurious 
redundancy  of  space. 

Among  English  lecture  theatres  one  of  the  most  celebrated 
was  that  built  by  AVren  for  the  College  of  Physicians.  This 
building  having  seats  on  all  sides,  may  justly  receive  the  name 
of  an  amphitheatre.  It  stands  in  Warwick  Lane,  Newgate 
Street,  and  now  forms  part  of  Messrs.  Tyler's  iron  foundry.  It 
has  been  a  good  deal  dismantled,  but  was  carefully  illustrated 
by  engravings  from  the  measurements  of  Professor  Cockerell, 
published  with  a  descriptive  account,  in  Elmes'  Life  of  Wren. 
This  theatre  had  an  internal  diameter  of  40  feet,  and  was  of 
a  regular  16-sided  figure,  lined  to  a  considerable  extent  with 
wood;  the  lecture  table  was  in  the  centre,  and  was  quite 
surrounded  by  the  seats,  which  rise  steeply  and  on  a  sort  of 
isacoustic  curve.  The  wall  above  them  is  not  lofty,  and  is 
surmounted  by  a  flattened  dome  with  a  large  central  Ian- 
thorn.  This  interesting  and  well-arranged  building  has  long 
been  out  of  use,  and  was  never  intended  for  an  extremely 
numerous  audience,  but  probably  was  as  good  for  both  seeing 
and  hearing  as  could  possibly  be  desired. 

As  an  example  of  a  lecture  room  closely  resembling  the 
Greek  and  Roman  theatres,  and  accommodating  large  num- 
bers with  success,  we  now  turn  to  the  justly  celebrated 
theatre  of  the  Eoyal  Institution  in  Albemarle  Street.  Pro- 
fessor Paraday,  in  evidence  before  a  committee  of  the  House, 
at  the  time  the  rebuilding  of  the  Houses  of  Parliament  was 
being  proposed,  stated  that  this  building  will  seat  800 
persons,  and  that  he  considered  it  as  almost  perfect  for  a 
single  speaker.  It  was  also  adduced  by  Mr.  Scott  Hussell 
in  his  papers  as  an  admirable  example ;  and  the  only  diffi- 
culty ever  complained  of  is  that  when  quite  full,  there  is 
occasionally  a  little  effort  requisite  to  reach  with  the  voice 
auditors  quite  at  the  back,  under  the  gallery,  a  thing  not 
to  be  wondered  at,  when  the  extremely  narrow  space 
through  which  only  the  sound  can  arrive  at  those  persons  ia 
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taken  into  account.  The  architect  was  Mr.  Webster,  and 
it  is  said  he  was  assisted  by  Count  Kumford  and  Sir 
Humphry  Davy. 

We  give  a  plan  and  section*  of  this  lecture  theatre  5  and 


SECTION 


Fig.  13. 

on  endeavouring  to  find  out  the  causes  of  its  excellence,  it 
will  be  observed  first,  that  the  principal  dimensions  are  in 
the  very  simple  relation  to  one  another  of  2,  3,  and  4,  the 
height,  depth,  and  breadth  being  respectively,  within  a  few 
inches,  30,  45,  and  60  feet. 

Next,  the  spectators  are  brought  near  to  the  speaker,  only 
2  feet  being  allowed  from  back  to  back  of  seats  so  that  the 
volume  of  air  contained  in  the  entire  structure  is  not  large, 
and  thus  very  little  of  the  voice  is  lost. 

Thirdly,  the  seats  are  all  elevated  on  a  curve  similar  to 
that  proposed  by  Mr.  Scott  Eussell ;  and  this,  coupled  with 
the  moderate  size  of  the  room,  secures  to  each  auditor  a 
direct  ray  of  vigorous  sound,  and  an  uninterrupted  line  of 
sight,  as  has  been  explained. 

Fourthly,  and  principally,  the  whole  place  is  constructed 


•  From  measurements  taken  for  the  purpose. 
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of  resonant  materials,  the  semicircular  sweep  being  formed 
entirely  of  wood,  built  within  a  square  space  enclosed  by 
the  brick  outer  wails ;  the  two  spandrii-shaped  places  so 
formed  being  occupied  by  staircases. 

There  are  rooms  underneath  the  floor,  and  all  the  benches, 
seats,  steps,  &c.,  are  entirely  of  wood ;  the  ceiling  and  part 
of  the  wall  behind  the  speaker  being  the  only  plastered 
surfaces  visible.  This  circumstance  gives  a  pleasant  but  not 
overpowering  sonority  to  the  room  when  empty. 

The  only  suspicious  feature  in  the  whole  structure  is  the 


Fig.  14. 

skylight,  but  that  is  circular  on  plan,  so  that  the  resonance 
of  a  cubical  box  is  avoided  ;  there  is,  however,  a  slight 
echo  perceptible  when  standing  just  under  it,  and  in 
front  of  the  lecture  table,  but  nothing  of  the  sort  when 
standing  in  the  proper  place  for  the  lecturer,  behind  the 
table. 

Were  a  room  to  be  built  similar  in  plan,  but  with  much 
more  space  at  the  sides  or  behind  the  speaker,  the  large 
masses  of  air  would  be  found  injurious;  this  is  actually 
proved  by  the  theatre  in  the  Jardin  des  Plantes,  at  Paris,  <^ 
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building  similar  in  plan  to  the  one  now  under  consideration 
but  larger  in  size,  and  with  a  great  space  added  behind, 
though  not  seating  more  persons.  Lachdz,  who  gives  a  plan 
of  it,  says  that  the  hearing  is,  from  this  cause,  defective. 
Inattention  to  this  economy  of  space,  to  the  employment  of 
resonant  materials,  and  to  the  proportion  between  the 
dimensions  of  the  room,  may  have  been  the  causes  why 
several  buildings  said  to  have  been  constructed  on  the  model 
of  the  theatre  of  the  Eoyal  Institution,  have  none  of  them 
equalled  it. 

If  it  be  inquired  how  the  vacant  space  near  the  speaker 
can  be  best  destroyed,  it  is  only  necessary  to  watch,  as 
they  gradually  fill,  the  benches  of  a  room  of  this  nature,  on 
any  occasion  when  all  are  very  desirous  to  see  and  hear 
well ;  it  will  be  found  that  the  seats  opposite  the  speaker  are 
all  occupied,  even  if  they  be  remote,  before  the  side  seats 
are  taken,  so  that  the  crowd  will  form  something  of  a  pear- 
shaped  mass.*  Under  such  circumstances  the  expedient  can 
hardly  fail  to  suggest  itself  of  cutting  off  space  at  the 
sides  of  the  speaker,  by  side  walls  placed  diagonally,  and 
adding  a  little  additional  depth  to  make  up  for  the  area  so 
lost.  The  form  now  arrived  atf  certainly  combines  the 
advantages  of  the  contraction  of  space  near  the  speaker,  and 
of  surrounding  him  with  favourably  disposed  reflecting 
surfaces,  while  it  probably  also  introduces  some  amount 
of  favourable  conduction.  Should  we  proceed  further,  and 
place  a  sloping  ceiling  over  the  speaker's  head,  and  take 
care  to  construct  the  whole  of  sonorous  materials,  the  seats 
being  arranged  on  an  isacoustic  curve,  a  structure  extremely 
favourable  to  success  in  speaking  will  have  been  arranged ; 
and  there  seems  no  reason  to  doubt  that  a  prodigious  lec- 
ture theatre  of  this  type  might  be  successfully  built. 

The  next  step  will  naturally  be  the  consideration  o^ 
modern  theatres,  and  it  is  not  quite  creditable  to  the  science 

*  Lacli6z,  Optique,  p.  69.  t  That  of  the  Pnyx. 
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of  architects,  engaged  in  othei'  branches  of  practice,  that  with 
hardly  an  exception,  the  whole  of  the  few  books  written  on 
the  application  of  acoustics  to  architecture  have  exclusive 
reference  to  this  class  of  buildings. 

The  modern  theatre  most  closely  approaching  in  form  the 
ideal  cf  an  auditorium  just  now  proposed,  is  the  celebrated. 
Teatro  Farnese,  in  the  ducal  palace  at  Parma.*  It  is  con- 
structed entirely  of  wood,  and  was  built  A.D.-1618,  but  not 
opened  till  a.d.  1628.  Saunders,  who  visited  it  previous -to 
A.D.  1790,  found  it  disused  and  in  a  decaying  state;  and 
at  present  it  is  rapidly  approaching  ruin.  This  theatre  at 
Parma  has  often  been  referred  to  in  books  on  sound,  and  is. 
not  to  be  confounded  with  the  modern  ducal  theatre  in  that 
city.  The  architect  of  the  old  structure  is  not  known,  but 
Bernini  is  said  to  have  completed  it.  Woods,  in  his  "  Letters 
of  an  Architect,"  observes  that  it  "is  neither  very  beautiful 
nor  convenient,  but  very  remarkable  on  account  of  the  dis- 
tinctness with  which  one  hears  even  a  low  voice  on  the 
stage  through  every  part." 

From  the  account  given  by  Saunders,  it  appears  that  the 
dimensions  of  this  building  were  very  considerable,  as  much 
as  130  feet  long  to  the  opening  of  the  scene,  by  102  feet 
wide,  and  that  its  form  was  oblong,  rounded  off  at  the  end 
opposite  the  stage.  The  seats  rise  their  whole  height  above 
each  other,  and  are  terminated  by  a  magnificent  corridor 
like  Palladio's  Basilica  at  Vicenza ;  and  notwithstanding 
that  between  them  and  the  stage  there  is  a  considerable 
vacant  space,  with  rich  triumphal  arches  on  either  side,  the 
acoustic  qualities  remain  good.  The  building  contracts  in 
width  just  in  front  of  the  stage,  which  is  advantageous,  and 
its  seats  are  arranged  amphitheatrically,  which  is  also  a 
good  arrangement ;  but  here  again  the  most  noteworthy 
circumstance  is  the  material.     "  The  interior  part,"  remarks 

*  See  Saunders  on  Theatres  ;  Woods'  Letters  of  an  Architect  j  Miirray*i 
Handbook  to  Northern  Italy.     Saunders  gives  a  plan. 
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Saunders,  "  is  wholly  composed  of  wood  ;  the  ceiling  is  con- 
trived of  boards  perfectly  level  and  smooth. 

"This  theatre  is  universally  cited  as  an  admirable  instance 
of  the  conveyance  of  sound,  the  truth  of  which  I  can  testify; 
having  conversed  in  a  low  voice  from  the  stage  to  the  oppo- 
site extremity.  I  found  but  little  difference  by  retirinj* 
10  or  12  feet  on  the  stage  ;  but  beyond  that  the  voice  per- 
ceptibly varied,  so  that  the  proper  (extreme)  distance 
between  the  speaker  and  hearer  was  140  feet.  This  extra- 
ordinary circumstance  is  generally  allowed  to  be  occasioned 
by  the  material  with  which  it  is  lined.  The  boards  are  not 
placed  horizontally,  as  some  have  imagined  to  be  necessary 
for  this  purpose,  but  nearly  all  against  the  walls  are  perpen- 
dicular. Some,  indeed,  object  that  these  advantages  are  not 
real,  and  that  were  the  theatre  filled  with  spectators,  the 
absorbing  materials  of  the  clothes,  bodies,  &c.,  would 
destroy  the  effects.  I  can  only  answer  that  this  theatre 
was  played  in  so  long  as  the  court  remained  at  Parma  to 
maintain  it;  that  had  it  been  defective,  that  character 
could  not  have  failed  being  somewhere  mentioned ;  in- 
stead of  which  we  ever  find  the  same  uniform  account  of 
its  effects." 

Where  it  is  required  to  construct  a*  theatre  for  a  very 
large  auditory,  the  stepped  seats  must  be  abandoned,  and  the 
ordinary  arrangement  of  several  tiers  of  boxes  and  galleries 
one  above  another  resorted  to,  on  account  of  the  much  larger 
number  who  can  thus  be  accommodated  on  any  given  area 
of  site.  This  is  the  form  of  building  now  universally  erected 
for  dramatic  performances,  and  the  little  tract  by  Ehode 
already  referred  to  contains  many  excellent  general  rules 
and  suggestions,  the  spirit  of  which  may  be  considered  to 
be  comprehended  in  the  following  extracts  from  Chladni's 
work :  *  "  Rhode,  in  his  treatise  elsewhere  quoted,  remarks 


*  Akustik    fur  Baukiinstler ;  consult  also  B.   Wyatt  on  Priuciples  of 
Design  for  a  Theatre. 
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that  the  majority  of  theatres  are  but  little  favourable  to 
sound,  because  the  laws  of  the  propagation  of  sound  in 
tubes  with  parallel  walls  and  in  speaking-trumpets,  have 
been  too  much  neglected.  The  side  boxes,  near  the  stage, 
are  very  disadvantageous,  as  they  absorb  the  sound  to  too 
great  an  extent.  It  would  be  better  for  effect  if  at  the 
sides  there  were  only  straight  walls,  either  parallel  or 
diverging,  and  without  decorations  in  relief.  The  ceiling 
ought  not  to  be  too  high ;  it  may  be  parallel  to  the  pit, 
rising  gradually  towards  the  part  of  the  house  the  most 
remote  from  the  stage.  The  end  opposite  the  stage  may 
form  a  segment  of  a  circle.  The  well  known  great  theatre 
at  Parma  may  serve  as  an  example,  but  for  still  larger  * 
theatres  diverging  side  walls  would  be  preferable.  .  .  . 
M.  Rhode  also  remarks  that  the  ordinary  arrangement  of 
slips  is  contrary  to  the  propagation  of  sound,  because  they 

absorb  the  sound  which  spreads  laterally The 

semicircular  or  semi-oval  form  ordinarily  given  to  theatres 
is  one  adapted  to  contain  many  persons  at  a  moderate  dis- 
tance from  the  spot  where  the  sound  is  produced,  but  the 
form  of  an  ancient  theatre  at  Athens  with  divergent  side 
walls  (query  the  Pnyx  ?)  could  contain  a  still  larger  audience 
at  the  same  distance." 

A  large  part  of  these  maxims  is  illustrated  by  Her 
Majesty's  Theatre  in  the  Haymarket,  London,  the  old  opera 
house  which  no  building  in  Europe  is  said  to  surpass,  if  any 
equal  it,  for  perfect  diffusion  of  sound. 

The  plan  of  this  building  presents  an  end  a  little  more 
than  a  semicircle,  prolonged  by  two  almost  straight  sides, 
which  gradually  approach  each  other  as  they  reach  the 
proscenium.  The  stage  is  remarkably  shallow  behind  the 
curtain,  but  is  advanced  far  into  the  house,  so  that  any 
singer  who  is  at  its  front  has  the  audience  all  round  and 
even  partly  behind  him,  and  the  orchestra  being  in  front 

♦  Trait6  d'Acoiistique,  s.  210  and  208. 
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of  the  stage  is  even  more  among  the  auditors.  There  are 
no  columns  or  other  ornaments  about  the  proscenium  ;  and 
the  ceiling,  which  is  a  flat  segmental  curve  in  part,  is 
brought  down  towards  the  opening  of  the  stage,  so  as  to 
throw  the  sound  forward ;  and  there  is  no  roughness  on  the 
faces  of  the  boxes,  which  are  perfectly  plain,  flat  faces, 
devoid  of  all  moulding  or  projection. 

In  short,  the  form  is  favourable  for  sound  ;  the  space 
above,  behind,  and  at  the  sides  of  the  stage  is  restricted  as 
much  as  possible,  and  gradually  swells  out  into  the  body  of 
the  house ;  while  the  divisions  of  the  boxes,  which  do  not 
radiate  from  the  stage,  would  prevent  any  echo  from  the 
back  wall,  and  break  up  any  wave  of  conducted  sound. 
More  important,  however,  than  all  the  favourable  combina- 
tions of  form  presented  is  the  circumstance  that  again  the 
whole  interior,  including  fronts  of  boxes,  divisions  between 
them,  the  gallery,  and  even  the  ceiling,  is  formed  in  wood ; 
the  audience  are  almost  as  though  they  were  within  some 
gigantic  violin,  and  the  whole  included  atmosphere  were 
alive  with  the  musical  vibrations  of  its  walls. 

These  walls  are  placed  in  the  most  favourable  conditions 
possible,  for  the  pieces  of  thin  wood  with  which  they  are 
lined  were  procured  in  the  longest  lengths  obtainable ;  there 
is  an  unoccupied  hollow  space  above  the  ceiling,  between 
it  and  the  floor  of  the  painting  room,  and  a  similar  hollow 
space  under  the  floor  of  the  house.  The  fronts  of 
the  boxes,  of  which  there  are  six  tiers,  recede  gradually 
as  they  rise,  and  all  projections  and  breaks  have  been 
studiously  avoided,  the  decorations  being  all  painted,  in 
distemper. 

It  appears  that  various  experiments  were  tried  both  during 
the  erection  of  the  theatre,  and  after  its  completion,  par- 
ticularly in  the  orchestra,  the  whole  floor  of  which  was  at 
one  time  suspended  entirely  by  strong  framings,  at  the  sides, 
prepared  on  purpose,  in  the  expectation  that  the  effects 
of  its  freedom  might  add  to  the  power  or  melody  of  the 
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instruments.  That  the  plan  did  not  lead  to  a  satisfactory 
result  may  be  inferred  from  its  abandonment. 

The  scanty  list  of  works  on  the  application  of  acoustics 
to  architecture,  includes  several  books  on  the  special  subject 
of  theatres.  Among  these,  those  of  Ehode,  Saunders,  and 
Wyatt  deserve  special  notice.  There  exists*  also  a  very 
elaborate  account,  illustated  by  a  series  of  engravings,  of 
the  King's  Theatre  at  Berlin,  in  the  design  of  which  the 
architect,  Ottmer,  paid  particular  attention  to  acoustics. 
He  states  that  his  proposed  arrangements  received  the 
sanction  and  approval  of  Chladni,  and  that  their  success 
was  decided  ;  but  in  the  absence  of  independent  testimony 
to  the  efficiency  of  the  theatre,  it  does  not  seem  needful  to 
reproduce  here  the  description  of  the  building,  which,  after 
all,  was  not  of  extraordinary  size,  being  only  calculated  to 
seat  1,570  spectators. 

Before  leaving  the  subject,  it  may  be  appropriate  to  draw 
attention  to  a  fact  which  seems  noteworthy  as  illustrating 
the  value  of  hollow  spaces  under  the  floor  of  a  building, 
where  it  is  of  importance  that  sound  shall  be  well  heard. 
It  will  be  recollected  that  in  continental  theatres,  espe- 
cially in  those  of  Italy,  it  is  the  practice  to  construct  a  sort 
of  chamber  with  thin  sides  under  the  floor  of  the  orchestra, 
with  a  view  to  increasing  the  resonance  of  the  music;  no 
decisive  statements  as  to  the  results  of  this  plan  have  been 
however  met  with,  but  there  seems  good  reason  to  believe 
that  it  is  beneficial,  notwithstanding  that  Lachez,t  rather 
unreasonably,  denies  the  possibility  of  any  advantage  from  it. 
Less  uncertainty,  however,  attends  the  results,  whatever 
difference  of  opinion  there  may  be  as  to  their  cause,  in  the 
following  case,  which  rests  on  the  authority  of  Dr.  Hutton, 
and  has  been  copied  from  him  by  other  writers.  He  states 
that  circumstances  rendered  it  necessary  to  carry  a  canal  of 
water  under  the  floor  of  the  Teatro  del  Argentino  at  Rome, 

*  Architectonische  MittheilungeiL  t  Acoustique,  p.  59. 


APPLICATIONS.  Ill 

some  time  after  its  completion,  and  that  the  hearing,  which 
up  to  that  time  had  been  very  indifferent,  became  remarkably 
improved  after  the  alteration.  This  change  is  usually  attri- 
buted to  some  influence  the  water  must  have  had  upon  the 
Bound,  though  it  is  not  quite  easy  to  see  what  that  influence 
can  have  been.  Without,  however,  denying  that  the  canal, 
filled  as  it  was  with  water,  may  have  had  a  more  beneficial 
influence  than  it  would  have  had  empty ;  it  seems  more 
reasonable  to  believe  that  the  main  cause  of  the  alteration 
was,  notwithstanding  that  the  work  was  solidly  done,  the 
establishment  of  a  large  empty  resonant  chamber  under  the 
floor,  and  increased  elasticity  in  the  floor  itself,  which  it  is 
fair  to  assume  rested  on  supports  close  together,  and  near 
the  ground,  before  the  canal  was  introduced. 

The  last  buildings  it  is  proposed  to  include  in  the  first  or 
amphitheatrical  group  will  be  law  courts.  They  are  ordi- 
narily furnished  with  stepped  seats,  more  or  less  satis- 
factorily arranged,  but  hitherto  have  very  seldom  had  at 
all  a  curved  outline  on  plan,  a  fact  perhaps  due  to  the 
severe  architectural  expression  that  it  is  thought  they  ought 
to  possess. 

Law  courts  are  commonly  in  the  present  day  kept  far 
within  the  dimensions  that  limit  easy  direct  radiation  of 
sound,  but  they  do  not  seem  to  have  been  established  on  a 
very  happy  model. 

Instead  of  approaching  a  semicircular  outline,  they  have 
usually  been  made  rectangular  rooms,  and  frequently  of 
the  worst  of  all  possible  forms,  cubical,  or,  when  not  quite 
that,  almost  always  too  nearly  square  on  plan  and  too  lofty, 
and  with  no  arrangement  for  either  narrowing  the  width  op 
height  of  the  court  in  the  portions  adjacent  to  the  bench. 
The  number  of  persons  whom  it  is  essential  to  hear  per- 
fectly in  a  court  of  law  is  not  very  great,  and  they  are  all 
grouped  tolerably  close  together;  but  for  these — namely, 
the  judge,  the  jury,  the  accused,  the  counsel,  and  the 
reporters,  as  near  an  approach  to  perfection  in  hearing  as 
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is  possible  is  demanded.  Nor  is  it  too  mucli  to  expect  that 
when  these  few  persons  occupy  but  a  small  portion  of 
a  not  very  large  court,  the  architect  should  be  able  to 
provide  for  them  satisfactorily.  The  principal  difficulty 
seems  to  be  presented  by  the  fact  that  the  audience 
is  very  crowded,  and  consequently  the  surfaces  apt 
to  deaden  sound  are  numerous;  and  that  the  necessity 
for  a  large  supply  of  air  makes  height  in  the  court  house 
desirable. 

In  order  to  secure  success,  the  space  behind  and  above  the 
bench  should  be  diminished  as  much  as  possible,  so  that  in 
fact  the  business  of  the  court  would  be  conducted  in  and  in 
front  of  a  kind  of  recess,  and  this  recess  should  be  lined 
with  well  seasoned  wood.  The  audience  part  of  the  court 
may  be  made  loftier,  and  should  have  the  seats  arranged 
amphitheatrically,  with  a  curved  wall  at  the  back,  connected 
with  which  columns  or  recesses  would  be  quite  admissible. 
Indiarubbei"  or  matting  should  be  employed,  as  is  now 
sometimes  done,  to  deaden  any  little  sounds  arising  among 
the  auditory,  and  the  great  quantity  of  wooden  enclosures, 
like  old  fashioned  pews,  now  in  use,  should  be  as  far  dis- 
pensed with  as  possible,  as  from  the  flat  surfaces  they 
present,  they  may  be  apt  to  cause  reverberation  when 
unoccupied.  Sharp  angles  should  be  avoided,  and  so  should 
deep  skylights,  and  if  a  gallery  is  adopted  it  should  not 
have  an  excessive  projection.  Lastly,  it  may  be  useful  to 
observe  that  it  is  desirable  to  have  the  fittings  about  the 
bench  moveable,  especially  the  witness-box,  so  that  the 
peculiarities  of  hearing  in  different  judges  may  be  met,  and 
the  witness  and  jury  boxes  placed  where  the  judge  wishes 
them.  It  seems  probable  that  the  heavy  curtains  and  large 
cushions  usually  placed  near  the  judge  could  be  advan- 
tageously dispensed  with.  It  might,  on  the  other  hand, 
be  well  to  hang  with  curtains  the  wall  behind  the  auditory 
so  as  to  prevent  any  echo  from  it,  even  in  addition  to  the 
columns,  piers,  niches,  or  other  architectural  features,  which 
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it  has  been  suggested  may  be  introduced  for  the  same  pur- 
pose into  this  part  of  the  structure. 

II.  Buildings  in  which  the  naturally  radiated  sound  is 
supplemented  by  sound  "  directed  by  or  guided  along  walls 
and  ceiling,  preserved  by  them  from  lateral  escape,  and 
aided  by  reflection  from  them  "  form  our  second  group. 

The  transition  is  in  one  sense  a  natural  one,  from  the 
consideration  of  modern  courts  of  justice  to  that  of  the 
classic  basilica),  the  buildings  in  which  the  ancients  admi- 
nistered justice ;  but  the  structures  themselves  are  as  dis- 
similar as  it  is  well  possible  for  buildings  intended  to  serve 
the  same  purpose  to  be,  and  this  very  contrast  will  serve 
to  illustrate  the  difference  between  the  two  great  groups, 
into  which  we  have  divided  buildings  for  public  pur- 
poses, namely,  those  depending  upon  natural  radiation  of 
sound  alone,  and  those  depending  in  addition  upon  artificial 
direction  and  support  of  sound. 

A  basilica  is  believed  to  have  commonly  served  the  double 
purpose  of  a  judicial  court  and  a  place  for  the  transaction  of 
commercial  business,  but  all  its  arrangements  had  reference 
to  the  first-named  destination.  At  the  time  of  the  public 
recognition  of  Christianity  by  Constantino,  the  existing 
basilicaB  were  found  the  most  suitable  buildings  available  for 
consecration  to  purposes  of  public  Christian  worship,  and 
as  a  consequence  they  formed  the  models  upon  which  the 
early  churches  were  built ;  and  their  name  as  well  as  form 
descended  unaltered  to  those  churches. 

In  architectural  and  structural  arrangements  then  the 
basilica  may  be  taken  as  the  typical  form  of  nearly  all  the 
great  buildings  that  have  been  erected  during  the  last 
fifteen  centuries  for  purpose  of  Christian  worship. 

In  basilicas  and  basilica  churches  there  was  invariably 
present  the  same  arrangement  that  we  have  urged  as 
desirable  for  modern  law  courts,  namely,  a  large  recess,  for 
the  president  and  his  assessors  occupying  the  end  of  the 
building.      This  was   the  original  of  the  chancel  in  our 
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modern  churches,  and  in  the  basilica  was  of  semicircular 
plan,  with  a  central  seat  for  the  presiding  judge,  which  in 
adapting  the  building  to  Christian  uses  was  employed 
without  alteration  as  the  episcopal  chair,  and  on  the  right 
and  left  of  which  were  seats  for  those  who  assisted. 

The  main  building  was  always  of  simple  design,  oblong, 
and  divided  by  two  rows  of  columns  into  a  nave,  with  two 
side  aisles ;  arches  sprung  from  the  columns,  supporting  two 
longitudinal  walls  which  sustained  the  wooden  roof  over  the 
nave,  and  two  sloping  roofs  leaning  up  against  these  walls 
covered  the  aisles.  The  whole  building  was  lighted  through 
a  clear  story  of  windows  over  the  nave  arches. 

In  basilica  churches  there  were  built  near  the  arch,  which 
gave  access  to  the  apse,  two  ambos,the  positions,  and  to  a  great 
extent,  the  purposes  of  which  are  still  retained  in  our  pulpit 
and  reading-desk  when  in  the  place  they  usually  occupy. 

Among  the  basilicas  of  Eome  are  some  of  such  enormous 
length  that  probably  no  voice  could  entirely  fill  them,*  nor 
were  they  extended  to  such  dimensions  with  a  view  to  their 
being  ever  entirely  occupied  by  persons  listening  to  speaking 
or  preaching ;  but  the  form  is  no  doubt  well  fitted  to  pre- 
serve the  sound  from  decay,  to  direct  it  into  a  course  along 
the  length  of  the  building,  and  to  assist  it  in  that  course ; 
and  the  moderate  proportions  in  height  of  the  ancient 
basilica  were  more  favourable  to  this  result  than  those 
adopted  by  the  more  daring  constructors  of  the  middle  ages. 

Before  discussing  churches  as  we  now  have  them,  and 
places  of  worship  which  have  entirely  thrown  aside  the 
traditions  of  basilica  form,  it  will  be  well  to  draw  atten- 
tion to  such  of  the  requirements  of  a  modern  place  of 
worship  as  will  point  out  where  such  a  building  differs 
essentially   from   those   places  of  public  entertainment   or 


*  St.  Paolo  fuori  le  Mure  had  an  extreme  length  of  411  feet ;  Sta.  Maria 
Maggiore  is  280  feet  in  length  by  more  than  60  feet  in  width. 


APPLICATIONS.  115 

instruction  that  have  been  already  described  under  the  head 
of  buildings  in  which  sound  spreads  bj  natural  radiation. 

In  a  theatre  a  not  unimportant  essential  to  the  enter- 
tainment is  that  the  audience  should  see  each  other,  so  as 
to  allow  all  who  wish  it  an  opportunity  for  personal  display, 
and  for  scrutinising  the  appearance  of  others.  In  a  lecture 
room  there  is  no  objection  to  such  an  opportunity  existing, 
nor  can  it  be  of  prejudice  to  a  law  court.  In  a  theatre, 
again,  it  is  essential  that  a  variety  of  classes  of  accommo- 
dation should  be  preserved,  and  conspicuously  separated 
one  from  another ;  and  this  also  is  or  may  be  done  to  some 
extent  in  a  lecture  room,  and  in  a  court  of  law. 

In  a  place  of  public  worship,  however,  it  is  in  the  last 
degree  undesirable  that  the  opportunity  should  occur, 
either  for  display  and  scrutiny  of  one  another  on  the  part 
of  any  portion  of  the  congregation,  or  for  ostentatious 
separation  of  their  seats  into  different  classes. 

Consequently,  anything  which  causes  part  of  the  con- 
gregation to  sit  facing  another  part,  anything  that  elevates 
one  seat  above  another,  and,  more  than  all,  anything  that 
exposes  a  whole  range  of  persons  to  the  scrutiny  of  any  or 
every  eye  among  themselves  is  essentially  unsuitable  ;  thus 
rendering  a  level  floor  all  but  indispensable,  and  a  circular 
or  other  allied  form  of  building  almost  inadmissible. 

In  modern  Protestant  churches  and  chapels  it  is  at  the 
same  time  very  necessary  that  every  person  should  be  able 
easily  to  hear  the  speaking  or  reading  voice  of  a  single 
individual,  and  he,  unhappily,  but  too  often  badly  trained 
or  entirely  uninstructed  in  the  management  of  the  voice,  or 
art  of  public  speaking  ;*  and  that  all  should  with  ease  be 
able  to  direct  their  looks  in  the  same  direction.     Obviously 


*  It  is  necessary  for  the  architect  to  remember  this  ;  for  if  in  arranging 
a  church  he  calculates  upon  the  preacher's  being  as  much  master  of  his 
voice  as  the  members  of  other  professions  in  which  public  speaking  is  the 
main  feature,  be  will  frequently  find  his  expectations  disappointed. 
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the  best  building  for  this  purpose  will  be  an  oblong  building 
without  galleries,  with  the  congregation  all  arranged  on  a 
level  floor,  and  their  seats  fixed  all  to  look  towards  one  end. 

Should  the  necessity  for  seating  a  large  number  be  press- 
ing, there  can  be  but  little  danger  of  undesirable  display  or 
publicity  in  an  end  gallery,  the  occupants  of  which  will  be 
looking  in  the  same  direction  as  those  below ;  though  there 
is  some  ground  for  objection  on  the  score  of  a  distinction 
of  places  and  a  division  of  the  congregation.  Side  galleries 
where  introduced  are  open  to  both  objections;  at  times, 
however,  they  are  indispensable,  but  the  custom  which  is 
sometimes  followed  of  giving  an  amphitheatrical,  semicircular 
sweep  to  the  end  gallery,  where  there  are  also  side  galleries, 
is  never  essential,  and  is  a  great  aggravation  of  the  evil  of 
these  features,  for  the  simple  reason  that  it  displays  a  large 
portion  of  the  congregation  in  a  much  more  prominent  way 
than  need  or  can  occur,  if  the  end  gallery  have  a  straight  front. 

It  is  proposed  now  to  consider  churches  and  chapels  buUt 
with  a  nave  and  aisles,  and  if  it  be  admitted  that  an  oblong 
building  with,  or,  if  possible,  without  galleries,  is  desirable 
for  purposes  of  worship,  there  are  various  reasons,  besides 
that  of  ancient  usage,  why  the  arrangement  of  a  nave  and 
aisles  should  be  one  of  the  best  for  such  a  structure ;  not 
the  slightest  of  these  reasons  being  that  even  if  the  building 
be  necessarily  nearly  square  on  plan  it  gains  the  appearance 
and,  to  some  extent,  the  acoustic  qualities  of  an  oblong  struc- 
ture by  the  introduction  of  the  columns;  though  under  these 
circumstances  it  must  not  be  supposed  that  a  very  powerful 
influence  is  exerted  upon  sound  in  the  way  of  directing  it, 
and  preserving  it  from  decay,  such  as  seems  to  exist  in  some 
buildings  of  great  length  compared  with  their  width. 

This  influence,  undoubted  as  it  is,  and  considerable  as  its 
effects  are  in  certain  cases,*  is  probably  in  the  majority  of 
small  and  middle-sized  structures  but  feeble ;  and  the  prac- 

•  B.g.y  Canterbury  Cathedral 
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tice  of  the  most  successful  church  builders  seems  to  show 
that  it  is  not  prudent  to  rely  upon  it,  when  moderate 
numbers  only  are  to  be  accommodated,  in  preference  to  the 
more  obvious  method  of  limiting  the  dimensions  of  the 
building,  and  placing  the  auditors  as  close  to  the  speaker 
as  possible. 

It  will  be  found  that  in  the  very  large  churches  of 
the  middle  ages,  the  vault  is  far  too  lofty  to  assist  in  the 
transmission  of  unaltered  sounds.  The  object  of  raising 
these  was  not  to  build  a  church  just  so  large  as  a  single 
speaker  could  fill  with  his  voice,  but  to  raise  a  monumental 
pile  for  great  ceremonials,  and  it  was  of  no  moment  that  the 
resonance  of  the  contained  mass  of  air  should  be  great,  so 
long  as  it  did  not  impair  the  effect  of  music.  Accordingly 
the  sonority  of  moat  of  them  opposes  a  serious  obstacle 
to  their  being  used  for  preaching.  The  plan  adopted  on 
the  continent  is  no  doubt  the  best  for  such  cases,  and  a 
pulpit  must  be  erected  against  a  column  of  the  nave  over- 
shadowed by  a  large  sounding-board,  while  the  congregation 
are  left  free  to  form  themselves  in  front  at  the  sides,  and 
even  behind  the  pulpit,  into  a  large  group  round  the 
preacher.  The  direct  assistance  given  by  the  building  to 
the  voice  will  not  be  very  great,  but  a  skilful  speaker  will 
derive  support,  while  an  unskilful  one  will  only  find  con- 
fusion from  the  resonance ;  and  the  stillness  of  the  place, 
and  its  great  size,  will  be  tolerably  favourable  to  the 
attempt.  In  the  choir  of  a  cathedral  it  is  often  difficult 
to  distinguish  the  words  of  a  preacher  or  reader,  and  yet 
it  is  impossible  to  help  admiring  the  beauty  which  the 
extreme  sonority  of  the  place  imparts  to  every  musical 
sound  uttered  there. 

Eeturning  to  churches  of  ordinary  dimensions,  and  of  the 
form  generally  adopted:  the  following  extract  from  Mr. 
Denison,*  is  interesting,  as  it  practically  bears  upon  this 


*  Lectures  on  Church  Building. 
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subject:  "It  is  at  last  discovered,"  says  he,  "that,  so  fai 
from  the  pillars  and  aisles  and  broken  roofs  of  Gothic 
churches  built  after  the  fashion  of  the  old  ones  being  worse 
for  hearing  in,  they  are  generally  better  than  the  wide 
spread  buildings,  all  under  one  span,  like  a  railway  station, 
which  it  was  the  fashion  to  erect  in  large  towns  a  few  years 
ago.  This  fact  is  noticed  in  two  recent  reports  of  the 
Church  Building  Society,  and  I  had  observed  the  same 
thing  myself  in  several  instances,  even  in  small  churches, 
though  without  knowing  that  it  was  general,  before  I  read 
it  there.  Certainly  some  of  the  worst  places  for  hearing 
in  that  I  know  are  buildings  all  under  one  roof,  and  of  far 
less  capacity  than  many  churches,  both  old  and  new,  of  the 
nave  and  aisle  construction  in  which  a  large  congregation 
can  hear  perfectly  well.  So  that  in  this,  as  in  many  other 
things  the  old  Gothic  builders  knew  what  they  were  about 
a  great  deal  better  than  we  do,  who  a  few  years  ago 
despised,  and  are  just  now  beginning  to  learn  their 
principles." 

The  system  of  roofs  of  high  pitch  with  a  single  span, 
referred  to  in  the  above  extract,  has  been  pretty  freely 
employed  latterly  in  the  erection  of  dissenting  chapels,  but, 
as  might  have  been  expected,  with  a  success  far  from 
uniform  ;  for  although  such  an  arrangement  seems  to  pro- 
mise complete  freedom  from  such  interruption  as  arises 
from  obstacles  to  sight  and  hearing,  it  is  in  practice  found 
frequently  to  result  in  the  erection  of  places  far  more 
difficult  to  fill  with  the  voice  than  churches  occupying  the 
same  area,  but  arranged  in  the  usual  manner  with  a  nave 
and  aisles.  The  main  reason  of  this  misfortune  lies  in 
the  large  amount  of  empty  space  which  can  be  dispensed 
with  upon  the  nave  and  aisle  system,  but  which  would  be 
included  under  the  roof  of  a  building  covered  in  a  single 
span  and  having  the  same  height.  There  is  another  respect 
also  in  which  the  single  span  building  lies  at  a  disadvantage. 
Even  when  its  roof  includes  no  greater  volume  of  air  than 
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that  contained  in  a  church  of  the  same  area,  roofed  in  the 
usual  maner;  its  surfaces  are  much  larger,  and  more 
unbroken,  and  its  interior  is  more  uninterrupted.  If  the 
ceiling  has  a  tendency  to  cause  echo,  the  more  extended  the 
surface  the  more  marked  will  be  the  echo.  If  the  air  has  a 
tendency  to  reverberate,  the  more  uninterrupted  the  mass 
tlie  less  check  is  there  upon  that  tendency ;  so  that  within 
ordinary  limits  the  practice  of  exposing  the  main  timbers 
of  cliurch  roofs  to  view  is  no  doubt  beneficial,  and  prevents 
the  interferences  that  would  be  perceptible  were  the  church 
perfectly  plain ;  just  as  in  a  large  room  quite  full  of 
scaffolding  little  or  no  resonance  may  be  heard,  although 
when  the  scaffold  is  removed  very  decided  reverberation  may 
make  its  appearance. 

It  is,  however,  possible  to  make  the  forest  of  timber  in  an 
open  roof  so  thick  that  it  may  act  as  a  check  upon  the  free 
passage  of  sound,  and  not  only  is  it  possible  to  make  the 
nave  unduly  lofty,  but  there  is  a  great  temptation  to  do  so 
on  account  of  the  noble  effect  which  such  a  feature  pre- 
sents. Where  a  roof  of  this  description  is  lofty,  and  of 
sharp  pitch,  and  is  boarded  or  ceiled  along  the  line  of  the 
rafters,  there  can  be  little  doubt  that  the  meeting  of  the 
two  sides  at  the  ridge  forms  a  trench  that  interferes  very 
much  with  distinct  hearing.  In  a  low  nave,  and  with  a 
moderate  pitch,  this  inconvenience  may  not  be  felt ;  but  it 
is  rarely  absent  from  a  high  and  steep  one  ceiled  in  the 
manner  described.  It  is  far  better  to  cut  off  the  upper 
angle  by  a  ceiling  at  the  level  of  the  collar,  if  there  be 
collars,  or  to  form  a  polygonal  ceiling ;  and  it  will  in  all 
cases,  but  especially  where  the  church  is  lofty,  be  well  that 
this  ceiling  should  be  of  wood  and  not  of  plaster. 

The  columns  themselves,  in  a  church  constructed  with  a 
nave  and  aisles,  are,  it  must  be  admitted,  obstacles,  and 
sometimes  serious  obstacles  to  the  comfort  of  the  occupants 
of  a  certain  number  of  seats ;  accordingly  in  a  few  modern 
churches,  and   rather   more  freely   in   dissenting    chapels, 
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architects  are  learning  to  avail  themselves  of  the  advan- 
tages offered  by  the  use  of  iron,  and  by  diminishing  the 
diameter  of  the  shafts  to  about  six  or  eight  inches,  have 
found  it  possible  to  unite  the  advantages  of  the  ancient 
form  of  roof  to  those  of  an  all  but  unencumbered  area. 

Even  without  the  assistance  afforded  by  the  use  of  iron 
columns,  the  nave  and  aisle  system  will  admit,  with  care, 
of  great  extension  in  length,  while  enormous  structures  may 
be  successfully  carried  out  with  that  assistance. 

The  architect  has  greater  facilities  and  even  inducements 
in  church  building  to  attend  to  proportion  in  his  interiors, 
than  in  almost  any  description  of  work :  having  ordinarily  an 
open  churchyard  to  build  upon,  he  is,  except  in  cities,  not  sub- 
ject to  exact  limitation  as  to  site,  a  circumstance  which  often 
almost  prescribes  the  dimensions  of  a  building,  consequently 
he  may  select  and  may  vary  his  proportions  and  dimen- 
sions at  pleasure ;  the  work,  too,  is  of  a  nature  the  excellence 
of  which  is  believed  by  a  large  number  of  able  men  to  depend 
on  a  prevalence  of  definite  geometrical  proportions  in  the 
different  parts  of  the  structure ;  and  although  we  do  not 
frequently  employ  stone  vaulting  for  the  internal  covering 
of  our  parish  churches,  a  custom  to  which  a  large  portion 
of  the  geometrical  relations  between  the  different  parts  of 
mediaeval  plan  may  be  traced,  we  shall  undoubtedly  be 
likely  at  once  to  improve  the  beauty  of  the  structure,  and 
its  acoustic  qualities,  by  a  careful  observance  of  this  har- 
mony between  the  dimensions  of  all  the  parts  of  the 
structure,  and  probably  shall  do  so  most  successfully  as 
regards  sound  if,  when  the  nave  arches  are  regularly  spaced, 
the  distance  from  column  to  column  be  taken  as  an  unit 
of  measurement ;  for  it  is  in  the  highest  degree  probable 
that  these  columns  will  determine  the  position  of  the  prin- 
cipal nodal  points  in  the  entire  mass  of  air  whenever  it  is 
set  in  motion. 

The  churches  built  by  Wren  have  been  already  alluded 
to  ;  and  even  those  who  differ  from  him  in  the  question  of 
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art  will  not  refuse  to  acknowledge  the  acoustic  success  of 
these  etructurea,  and  of  those  built  on  their  model,  and 
will  be  not  unwilling  to  see  the  views  held  by  so  scientific 
a  man,  as  they  stand  embodied  in  a  letter,*  already  once 
quoted,  which  he  addressed  to  a  friend,  a  member  of 
the  commission  appointed  by  Queen  Anne  for  erecting  50 
new  churches  in  London  and  Westminster.  After  referring 
to  statistics  which  showed  the  need  of  the  contemplated 
step,  Wren  proceeds  thus :  "  If  the  churches  could  hold 
each  2000,  it  would  yet  be  very  short  of  the  necessary 
supply.  The  churches,  therefore,  must  be  large ;  but  still 
in  our  reformed  religion  it  should  seem  vain  to  make  a 
parish  church  larger  than  that  all  who  are  present  can  both 
hear  and  see.  The  Romanists,  indeed,  may  make  larger 
churches ;  it  is  enough  if  they  hear  the  murmurs  of  the 
Mass  and  see  the  elevation  of  the  Host ;  but  ours  are  to  be 
fitted  for  auditories.  I  can  hardly  think  it  practicable  to 
make  a  single  room  so  capacious  with  pews  and  galleries  as 
to  hold  above  2000  persons,  and  all  to  hear  the  service,  and 
both  to  hear  distinctly  and  see  the  preacher.  I  endeavoured 
to  effect  this  in  building  the  parish  church  of  St.  James, 
Westminster,  which  I  presume  is  the  most  capacious,  with 
these  qualifications,  that  hath  yet  been  built ;  and  yet  at  a 
solemn  time,  when  the  church  was  much  crowded,  I  could 
not  discern  from  a  gallery  that  2000  persons  were  present. 
In  this  church  I  mention,  though  very  broad,  and  the 
middle  nave  arched  up,  yet  there  are  no  walls  of  a  second 
order,  nor  lanterns,  nor  buttresses,  but  the  whole  roof  rests 
upon  the  pillars,  as  do  also  the  galleries.  I  think  it  may 
be  found  beautiful  and  convenient,  and  as  such  the  cheapest 
of  any  form  I  could  invent. 

"  Concerning  the  placing  of  the  pulpit,  I  shall  observe — 
a  moderate  voice  may  be  heard  50  feet  distant  before  the 
preacher,  30  feet  on  each  side,  and  20  behind  the  pulpit ; 

*  ParcDtalia,  p.  320  ;  Elmes'  Life  of  Wren,  p.  430. 
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and  not  this  unless  the  pronunciation  be  distinct  and  equal, 
"without  losing  the  voice  at  the  last  word  of  the  sentence, 
which  is  commonly  emphatical,  and  if  obscured  spoils  the 
whole  sense. 

"  By  what  I  have  said  it  mav  be  thought  reasonable  that 
the  new  church  should  be  at  least  60  feet  broad,  and  90  feet 
long,  besides  a  chancel  at  one  end,  and  the  belfrey  and 
portico  at  the  other.'* 

Wren's  churches  *  can  almost  all  of  them  be  adduced  as 
affording  examples  of  a  disposition  favourable  to  sound,  and 
strictly  in  accordance  with  the  principles  laid  down  in  this 
short  extract ;  while  classic  in  style,  they  follow  the  forms 
of  Gothic  churches  in  plan  and  section,  and  it  is  a  decided 
proof  of  Wren's  preference  for  a  nave  and  aisles  that,  not- 
withstanding his  great  constructive  skill,  which  gave  him 
every  inducement  to  erect  a  wide  roof,  he  is  not  known  to 
have  left  a  single  church,  except  a  few  of  his  very  smallest, 
without  columns  in  the  interior.  In  almost  all  cases  he 
has  placed  the  pulpit  some  way  down  the  nave,  showing 
that  he  has  depended  comparatively  little  upon  assistance 
from  the  building  ;  and  in  all  the  proportions  of  the  cross 
section,  while  they  avoid  the  vice  of  being  cramped,  present 
a  certain  general  impression  of  lowness  in  relation  to 
the  width.  In  most  of  these  churches,  also,  a  very  large 
amount  of  resonant  material  is  employed  in  the  form  of 
panelling  to  the  walls,  and  in  very  many  galleries  are 
introduced. 

The  propriety  of  the  introduction  of  galleries  has  already 
been  under  consideration.  Where  employed,  it  will  ordi- 
narily be  found  that  they  are  good  places  to  hear  in,  because 
they  are  necessarily  made  with  seats  rising  as  they  recede, 
and  they  have  commonly  a  somewhat  favourably  shaped 
reflector  above  them  ;  and  because,  also,  the  voice  is  ordi- 
narily heard  better  by  those  above  than  by  those  beiow  a 

•  Clayton's  Churches  of  Sir  Chi-istopber  VVren. 
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speaker.  The  space  under  the  galleries,  especially  side 
galleries,  is,  however,  usually  oue  of  the  worst  parts  of  a 
church. 

If,  therefore,  galleries  are  introduced,  the  side  ones  ought 
to  be  kept  shallow ;  but  the  one  at  the  end  may  be  safely 
made  deeper,  and  if  an  opportunity  offers  of  carrying  it  back 
over  a  lobby,  so  as  to  extend  it  further  than  the  ground 
floor  below,  the  seats  so  gained  will  ordinarily  be  found  not 
to  be  the  worst  in  the  church.  The  front  of  a  gallery  ought 
to  be  kept  as  near  the  level  of  the  ground  floor  as  practicable 
(9  feet  is  in  most  cases  ample),  and  ought  itself  to  be  as  light 
and  as  moderate  in  depth  as  possible.  Finally,  as  has  been 
already  observed,  an  end  gallery  is  open  to  fewer  objections 
than  a  side  one,  and  has  the  recommendation  that  it  often 
prevents  an  echo  from  the  end  wall.  So  much  is  this  the 
case  that  in  churches  to  which  extra  height  is  given  with  a 
view  to  the  future  introduction  of  a  large  gallery,  and  in 
places  of  worship  with  no  internal  columns,  the  architect 
will  always  do  well  to  introduce  an  end  gallery,  even  if  it 
be  only  a  very  shallow  one. 

Transepts  are  of  most  frequent  introduction  in  buildings 
built  with  nave  and  aisles,  and  often  occur  in  such  examples 
as  would  be,  even  without  them,  in  danger  of  reverberation 
from  the  great  loftiness  of  the  nave.  They  cannot  be 
regarded  as  usually  favourable  to  sound,  though  sometimes 
an  architect  has  succeeded  in  gaining  an  additional  number 
of  sittings  by  their  introduction,  without  damaging  the  excel- 
lence of  his  church.  The  general  fault  of  them  is,  that  either 
they  absorb  all  the  voice,  so  that  either  persons  in  the  nave 
are  unable  to  hear,  or  else  if  the  voice  is  so  directed  as  to 
reach  the  nave,  they  themselves  are  bad  places  for  hearing 
in.  If  introduced  at  all,  transepts  are  probably  best  wide 
and  shallow,  and  it  is  not  unlikely  that  letting  them  have  a 
lower  roof  than  the  main  part  of  the  church,  and  perhaps 
even  filling  them  with  galleries,  will  partially  counteract  their 

tendency  to  divide  the  volume  of  sound. 

o  2 
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The  position  of  a  pulpit,  reading-desk,  or  altar,  is  a  point 
that  claims  serious  attention,  because  it  has  been  found 
•possible  to  improve  or  diminish  ease  of  hearing  and  speaking 
in  a  church  to  a  great  extent  by  a  change  in  the  position  of 
the  speaker.  In  different  parts  of  a  complete  morning 
service,  it  is  often  possible  to  trace  great  variation  in  the 
ease  with  which  the  congregation  hear  the  prayers,  the 
lessons,  the  commandments,  and  the  sermon.  It  is  a 
common  observation,  that  in  most  cburcbes  the  communion 
service,  read  from  the  altar,  is  the  best  heard,  although  the 
clergyman  is  then  furthest  from  the  people.  It  must  be 
admitted  that  this  does  not  invariably  happen,  but  the  fre- 
quency of  its  occurrence  seems  to  point  to  the  influence  of  the 
restricted  height  and  width  of  the  chancel,  its  small  body  of 
air,  and  its  parallel  walls,  as  directing  the  voice  well  forward 
in  a  direction  coincident  with  its  natural  initial  impulse. 

The  reading-desk  and  pulpit,  in  churches,  usually  stand 
either  in  the  centre  of  the  centre  aisle,  or  one  at  each  side, 
and  they  may  be  either  close  to  the  chancel  arch,  or  pushed 
far  forward  into  the  church. 

There  are  very  strong  reasons,  to  be  drawn  from  various 
considerations  of  propriety  and  convenience,  why  the  old- 
fashioned  plan  of  placing  the  pulpit  in  the  centre  of  the  aisle, 
with  a  reading-desk  in  front  of  it,  should  never  be  resorted 
to  when  it  can  be  avoided.  There  is  an  impropriety  which 
all  must  admit,  though  by  some  its  force  is  less  felt  than  by 
others,  in  the  placing  any  piece  of  cburch  furniture  between 
the  congregation  and  the  communion ;  there  is  an  artistic 
impropriety  in  constructing  a  noble  central  feature  and  then 
shutting  it  out  by  the  pulpit ;  and  there  is  a  great  incon- 
venience to  the  congregation  in  having  the  minister  placed 
directly  in  front  of  the  east  window.  To  the  occupant  of 
the  pulpit  the  position  is  unsatisfactory,  unless  the  centre  of 
the  nave  be  filled  with  seats,  a  custom  now  abandoned  ;  and 
the  principal  thing  to  be  said  in  defence  of  it  is  that  if  there 
are  deep  galleries  at  the  sides,  the  pulpit  fixed  centrally  will 
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command  both  of  thera  without  being  so  high  as  it  would 
otherwise  have  to  be. 

A  pulpit  or  a  desk  fixed  at  one  side  of  the  nave,  affords  a. 
good  view  of  the  whole  congregation,  and  one  analogous  to 
that  obtained  by  the  speakers  at  a  public  meeting,  where 
few,  except  the  chairman,  speak  from  the  centre  of  the  room  ; 
if  there  be  a  tendency  to  echo,  the  voice  not  being  directed 
straight  down  the  clmrch,  will  fall  less  fully  on  the  wall  at 
the  extremity,  and  probably  will  be  less  distinctly  thrown 
back  than  when  uttered  from  a  central  pulpit. 

As  to  the  advisability  of  placing  the  pulpit  forward  or 
back,  it  depends  very  much  upon  the  nature  of  the  church. 
It  is  usually  likely  to  be  unsuccessful  to  place  the  pulpit  so 
in  front  of  the  pier  of  the  chancel  arch,  or  in  front  of  a  wall, 
that  the  voice  will  be  liable  to  be  reflected  from  that  wall  5 
a  very  perceptible  confusion  of  sound  accompanies  the 
])reacher'8  voice  under  such  circumstances,  and  it  may  be 
laid  down  as  a  general  rule  that  it  is  always  injurious  to 
place  a  speaker  immediately  in  front  of  a  large  dead  surface 
of  plaster,  or  even  of  stone. 

If  then  the  pulpit  is  near  the  chancel  arch,  it  should  be 
under,  not  in  front  of  that  arch,  and  this  position  will  pro- 
bably answer  best  in  long  churches.  It  is,  however,  perhaps 
more  frequently  advisable  to  bring  the  pulpit  forward  to  the 
distance  of  say  one  bay  of  the  nave,  and  thus  let  the  preacher 
be  to  some  extent  among  the  people. 

A  very  salutary  revolution  in  the  height  of  pulpits  has 
been  effected  in  practice  of  late  years.  In  the  last  century 
pulpits  were  made  lofty,  to  suit  the  high  galleries  then  pre- 
valent— the  custom  is  now  to  have  them  low  ;  and  it  may  be 
fairly  advanced  as  a  general  rule,  that  the  lowest  height  that 
suffices  to  give  the  preacher  complete  command  of  the  faces 
of  the  congregation  will  be  found  the  best,  a  rule  which  will 
render  it  necessary  to  raise  the  floor  of  the  pulpit  higher  in 
large  than  m  small  churches. 

These   principles,  however,  must  be  advanced  with  this 
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proviso,  that  in  very  '*  difficult  "  churches,  sometimes  an  un- 
expected and  ahnost  anomalous  result  is  gained  by  experi- 
ment ;  and  in  a  case  where  it  is  sought  to  improve  the 
speaking  in  such  a  church,  the  wisest  plan  is  to  put  up  a 
temporary  pulpit,  capable  of  being  tried  in  different  positions, 
»nd  with  a  floor  that  can  be  raised  or  lowered  at  pleasure. 
Instances  have  occurred  where  the  centre  of  the  centre  aisle 
proved  decidedly  the  least  bad  situation  (this  may  be  antici- 
pated as  possible  when  a  church  with  transepts  proves 
unsuccessful),  and  where  defects,  at  least  the  defect  of  echo, 
became  less  apparent  when  the  pulpit  has  been  raised,  but 
these  are  exceptions  to  the  ordinary  course  of  things. 

The  injury  to  the  comfort,  health,  perhaps  life,  of  a 
clergyman  compelled  to  do  duty  in  what  is  called  a 
difficult  church  is  so  grievous,  and  the  annoyance  to  the 
congregation  so  great,  that  no  means  should  be  left  untried 
to  correct  defects  where  they  have  shown  themselves. 

In  cases  where  the  congregation  hear  better  from  tlie 
altar  than  the  pulpit,  it  sometimes  will  answer  to  put  the 
pulpit  in  the  chancel,  and  wliere  there  are  transepts,  and  a 
difficulty  is  felt  in  filling  the  nave,  a  point  in  the  chancel 
may  sometimes  be  found,  where  just  so  much  assistance  is 
given  by  the  chancel  walls  as  to  send  the  voice  down  the 
nave,  without  cutting  it  off  entirely  from  the  transepts. 

Eor  reverberation,  the  use  of  drapery  in  the  roof  is  often 
the  only  resource,  but  this  has  so  unsuitable  an  appearance, 
that  before  having  resort  to  it,  every  possible  application  of  a 
sounding-board  should  be  tried.  It  is  of  course  undesirable 
to  have  recourse  to  this  or  any  other  auxiliary,  but  as 
palliatives  and  remedies  sounding-boards  or  other  reflectors 
are  no  doubt  among  the  most  valuable  we  can  command,  and 
considering  how  simply  a  temporary  sounding-board  can  be 
made,  and  how  easily  it  can  be  fixed,  this  is  probably  the 
first  expedient  that  ought  to  be  tried  in  any  attempt  to 
improve  the  speaking  in  a  difficult  church,  more  especially 
if  there  seems  reason  to  believe  that  an  excess  of  space 
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around  and  above  the  speaker  occasions  the  defects,  by 
swallowing  up  the  sound. 

It  would  be  advisable  in  making  such  a  trial  to  take  some 
trouble  to  secure  that  the  wood  employed  should  be  cut 
tliin,  thoroughly  well  seasoned,  and  fixed  in  as  few  pieces  as 
possible.  The  sounding-board  ouglit  to  be  a  large  one,  and 
experiments  had  better  be  made  to  determine  the  best  height 
and  position  for  it.  If  hung  horizontally,  it  will  be  most 
likely  to  be  of  use  if  placed  well  over  the  speaker,  but  if 
allowed  to  drop  a  little  at  the  back,  so  as  to  be  somewhat 
inclined,  a  position  in  which  its  efficiency  will  be  likely  to  be 
increased,  the  sounding-board  may  then  be  safely  kept 
further  back. 

What  has  been  already  said  about  reflectors*  may 
assist  the  architect  to  form  some  idea  whether  the  concave 
reflector  of  Mr.  Blackburn,  or  the  convex  reflector  of  Mr. 
Penrose,  would  be  worth  trying  in  any  building  which  he 
may  be  endeavouring  to  improve.  Sometimes,  especially 
if  there  be  reason  to  presume  that  the  east  wall  of  a 
chancel  returns  an  echo,  an  upright  screen  of  wood 
be  iind,  with  or  without  any  reflector  above  the  pulpit, 
will  prove  advantageous.  Whatever  plan  is  adopted,  it 
ought  to  be  remembered  as  an  invariable  rule,  that  no 
souuding-board,  or  wall,  or  reflector  of  any  sort,  ought  to  be 
quite  close  to  the  speaker. 

It  certainly  comes  within  the  province  of  any  work 
treating,  however  incidentally,  upon  the  arrangements  of  a 
church  as  regards  sound,  to  notice  the  position  of  and  pro- 
visions for  an  organ.  The  essential  precautions  to  be  taken 
with  regard  to  an  organ  are  summed  up  by  Mr.  Blomfield  t 
as  follows  : — "  An  organ,  the  most  beautiful  of  instruments 
when  in  tune,  is  one  of  the  most  disagreeable  when  neglected. 


*  Ante,  pp.  ()l-69. 
t  Paper  on  Church  Arrangement,  read  before  Architectural  Aasociation, 
Dec,  ISOO.     See  Builder. 
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and  every  one  should  know  how  sensitive  it  is  to  damp  and 
draughts,  in  order  to  guard  against  this  in  his  arrangements 
for  the  reception  of  the  instrument.  If  there  is  a  choir,  the 
organ  should  always  be  placed  close  to  them,  and  the  proper 
place  for  it  is  either  in  a  side  aisle  of  the  chancel  or  in  an 
organ  chamber  built  expressly  for  it,  which  is  better.  The 
effect  of  the  instrument  will  be  much  enhanced,  and  it  will 
be  kept  in  better  tune,  if  the  walls  are  lined  with  boarding 
on  battens;  and  if  not  in  a  gallery,  it  should  always  be  raised 
on  a  platform  some  feet  from  the  floor.  The  worst  place  for 
the  organ  on  every  account  is  the  west  gallery,  if  there  is 
one,  and  I  believe  organs  are  never  now  placed  there  in  new 
churches."  It  may,  however,  be  right  to  add  the  suggestion, 
that  if  the  architect  has  no  control  over  the  purchase  of  the 
organ,  and  has  reason  to  know  that  the  organ  being  built 
for  any  church  is  twice  as  powerful  as  it  ought  to  be 
in  proportion  to  the  size  of  the  building,  as  not  infre- 
quently occurs,  it  will  be  wise  to  consider  whether  the  west 
gallery  may  not  be  under  the  circumstances  the  most  appro- 
priate position  for  it. 

Places  of  public  worship  built  without  a  nave  and  aisles 
do  not  differ  very  materially  from  public  halls,  except  in  the 
nature  of  their  fittings ;  they  have  been  adopted  more  or  less 
commonly  by  all  denominations,  and  though  no  exact  rule 
has  been  followed,  yet,  generally  speaking,  it  may  be  said 
that  most  churches  and  chapels  for  the  use  of  the  Church  of 
England  and  of  Eoman  Catholics  are  built  with  a  nave  and 
aisles,  while  churches  and  chapels  for  other  religious  bodies 
are  generally  built  without  this  arrangement. 

The  large  unbroken  surfaces  and  great  internal  capacity 
renaer  it  a  matter  of  difficulty  to  secure  the  success  of  a 
large  chapel,  precisely  in  the  same  way  and  nearly  to  the 
same  extent  as  they  will  be  shown  to  militate  against  the 
success  of  large  halls.  The  power  of  fixing  the  exact 
position  of  the  speaker,  and  the  opportunities  for  intro- 
ducing features  for  which  a  mere  public  room  affords  no 
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scope,  are,  however,  in  favour  of  the  architect  engaged  in 
chapel  building. 

The  old-fashioned  build  for  dissenting  chapeld  and  for 
churches,  in  which  flat  and  low  ceilings  were  common,  pro- 
duced very  many  places  of  large  size,  which,  on  account  of 
this  very  lowness,  are  extremely  easy  to  fill  with  the  voice. 
A  large  chapel,  and  of  lofty  proportions,  even  with  a  flat 
ceiling,  is  often  very  formidable  to  the  speaker;  and 
those  buildings  where  a  tolerably  high-pitched,  wide  roof» 
open  to  the  ridge  and  in  a  single  span,  is  adopted,  are 
in  the  majority  of  instances  very  difficult  to  fill,  and  very 
liable  to  reverberation  and  echo.  A  chapel  or  church  of 
this  sort  is  best  ceiled  with  wood,  or  plastered  between 
rafters,  and  ought  always  to  have  its  ceiling  only  moderately 
high,  and  either  flat,  arched,  or  running  along  the  collars  of  the 
rooC,  UlTil  the  precautions  which  will  be  referred  to  under 
the  head  of  large  rooms,  ought  all  to  be  observed  when- 
ever the  building  partakes  more  of  the  features  of  a  hall 
than  of  those  of  a  church,  whether  it  be  simply  a  hall,  or 
be  a  place  of  worship. 

To  such  a  building  the  introduction  of  galleries  will 
ordinarily  be  an  advantage,  unless  the  side  galleries  be 
disproportionately  deep ;  and  an  end  gallery,  together  with 
the  columns  supporting  it,  and  some  sort  of  recess  at  the 
back  of  it,  can  often  be  made  useful  to  cut  off  echo.  An 
organ  gallery  is  a  feature  frequently  introduced  with  advan- 
tage— if  no  other  gallery  be  needed — and  is  sometimes 
placed  behind  the  pulpit  in  chapels  in  a  recess,  where  it 
seems  to  act  favourably  upon  the  preacher's  voice,  its  front 
forming  a  kind  of  resonant  screen  behind  him.  Such  a 
screen  may  also  be  used  with  benefit  .when  there  is  no 
organ. 

In  churches  where  there  is  a  chancel,  what  has  been 
already  said  about  placing  the  pulpit  holds  good.  In 
chapels  it  is  usually  considered  essential  to  place  the  pulpit 
in  the  centre  of  the  end  of  the  building,  though  it  is  open 

a  3 
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to  doubt  whether  it  might  not  sometimes  prove  advan- 
tageous to  move  it  to  one  side,  when  circumstances  will 
justify  that  position  being  preferred.  It  will  in  no  case  b© 
advisable  to  place  it  quite  close  to  a  wall,  and  it  would  in 
square  chapels,  or  those  approaching  squareness,  be  no 
doubt  advisable  to  place  it  further  forward  amomg  the  con- 
gregation than  is  customary. 

A  recess  is  commonly  introduced  in  chapels  behind  the 
pulpit.  Beyond  furnishing  a  feature,  this  recess  no  doubt 
is  valuable  on  account  of  its  removing  the  wall  surface  some 
distance  away  from  the  speaker,  without  its  being  necessary 
to  throw  the  pulpit  far  forward.  As  the  communion  table 
and  an  appropriate  space  round  it  are  in  a  majority  of  chapels 
for  dissenters  always  in  front  of  the  pulpit,  this  recess  affords 
an  arrangement  not  far  removed  from  that  of  the  earliest 
basilicas  ;  perhaps  in  some  instances  this  resemblance  might 
be  increased,  and  the  suggestions  just  made  combined,  by 
bringing  the  pulpit  forward  on  one  side  of  the  communion, 
after  the  manner  of  an  ancient  ambo,  and  placing  a  suitable 
seat  in  the  position  it  had  occupied. 

In  Scotch  Presbyterian  churches  the  favourite  position 
for  the  pulpit  is  against  the  centre  of  one  of  the  longer  sides 
of  the  building ;  but  this  position  seems  one  of  the  worst 
that  could  be  chosen,  because  it  places  the  fewest  auditors 
iu  front  of  the  preacher,  when  his  voice  would  naturally 
travel  farthest,  and  greater  nunjbers  at  the  sides,  where  he 
can  only  be  heard  indirectly ;  and  it  exposes  a  large  number 
of  persons  to  the  danger  of  losing  the  words  of  the  preacher 
should  he  turn  towards  his  right  hand  or  his  left,  and 
introduces  the  necessity  of  seating  the  congregation  so  that 
if  they  all  look  towards  the  pulpit,  they  must  some  of  them 
look  towards  each  other. 

For  a  moderate  sized  place  of  worship,  however,  this 
arrangement  has  the  advantage  that  it  places  the  preacher 
uniformly  near  to  every  part  of  his  church,  much  more  so 
than  he  would  be  if  at  one  end  of  it,  and  that  perhaps  ifc 


APPLICATIONS.  131 

lessens  the  risk  of  annoyance  to  the  congregation  from 
echo  ;  but  for  large  churches,  it  seems  to  be  a  disposition 
very  unlikely  to  prove  favourable  to  the  comfort  of  either 
preacher  or  hearers. 

Buildings  for  public  worship  on  a  circular,  octagonal,  or 
other  plan,  are  from  time  to  time  erected,  but  it  must  mani- 
festly be  difficult,  if  not  impossible,  to  offer  any  suggestions 
that  will  bo  generally  applicaMe  to  them.  Ordinarily,  pecu- 
liarities of  site  have  led  to  the  adoption  of  these  plans,  and 
probably  the  most  successful  treatment  for  such  cases  will 
be  one  which  abandons  the  attempt  to  preserve  most  of  the 
ordinary  conventionalities  of  church  arrangement,  and  facing 
the  exceptional  difficulties  presented  by  the  circumstancen, 
produces  a  good  common-sense  building,*  the  main  defect 
of  which  will  be  likely  to  be  that  its  appearance  will  not 
probably  suggest  adaptation  to  the  purpose  for  which  it  was 
erected,  but  to  a  different  and  perhaps  an  opposite  one. 
Where  a  form  of  this  nature  is  selected  on  preference,  this 
objection  will  most  likely  not  be  felt  serious,  and  the  observa- 
tions upon  the  class  of  buildings  built  in  dependence  upon 
natural  radiation  of  sound  will,  some  of  them,  be  found 
applicable. 

Buildings  for  religious  purposes  roofed  in  a  single  span 
form  an  appropriate  link  between  churches  with  nave  and 
aisles  and  public  halls,  allied  as  they  are  to  the  one  by  their 
form  and  to  the  other  by  their  destination.  If  more  has  not 
been  here  said  about  them,  it  is  chiefly  because  what  else 
remained  to  be  remarked  seemed  placed  more  appropriately 
under  one  or  other  of  these  related  heads,  and  we  pass  on 
therefore  to  modern  public  rooms  and  halls. 

In  the  majority  of  modern  buildings  for  secular  purposes, 
the   circular   or   semicircular   form  of  the  ancient    Greek 


*  E.g..,  the  chapel  formed  out  of  the  old  Diorama,  in  the  Regent's 
Park,  or  St.  Mary's  Church  at  Hastings,  or  Surrey  Chapel  in  Blackfriars- 
bridge  Koad. 
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theatre,  and  the  columnar  arrangement  of  the  basilica  or 
church,  have  been  both  rejected,  and  an  oblong  hall  pre- 
ferred. That  this  is  the  best  form  for  general  purposes 
admits  of  great  doubt,  but  it  is  a  form  so  much  sanctioned 
by  usage  that  it  cannot  fail  to  be  constantly  in  request,  in 
every  variety  of  size  and  style,  and  for  every  possible 
purpose. 

Although  the  construction  of  a  hall  large  enough  to 
accommodate  a  very  vast  auditory,  is  more  conspicuous  as  a 
difficult  architectural  achievement  than  the  erection  of  a 
moderate-sized  public  room,  and  the  responsibiliby  of  under- 
taking to  design  a  very  large  hall  that  shall  prove  when 
built  thoroughly  suited  to  public  speaking,  becomes  grave 
on  account  of  the  formidable  magnitude  of  the  failure  should 
a  failure  occur,  it  may  be  doubted  whether  there  really  is  so 
much  risk  of  non-success  in  buildings  for  five  thousand 
auditors  as  in  those  for  five  hundred.  The  great  dimensions 
of  a  large  hall  remove  the  walls,  from  which  echo  is  likely  to 
rise,  too  far  from  the  speaker's  position  for  his  voice  to 
retain  its  full  power  when  it  reaches  them ;  consequently,  if 
an  echo  is  heard,  it  is  but  a  feeble  one.  Structural  diffi- 
culties and  general  principles  of  convenience,  not  to  say 
considerations  of  economy,  ordinarily  combine  to  prevent 
unduly  lofty  proportions  in  such  vast  rooms,  while  as  such 
places  are  ordinarily  built  by  those  who  have  sufficient 
funds  at  command  for  some  degree  of  internal  architectural 
display,  there  is  opportunity  both  for  modifications  of 
general  form  and  enrichments  of  surface,  such  as  are  likely 
to  prove  acoustically  advantageous.  Still  the  successful 
construction  of  a  very  large  hall,  in  which  a  far  larger 
number  of  persons  can  hear  than  could  be  addressed  in  the 
open  air  under  ordinary  conditions,  will  always  remain  an 
honourable  achievement ;  and  whatever  the  difficulties  of 
smaller  buildings,  it  will  always  remain  a  disgrace  that 
rooms  should  be  built  not  large  enough  to  hold  more  than 
the  half  or  two-thirds  of  an  out-of-doors  audience,  but  ia 
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which  (notwithstanding  their  moderate  dimensions)  no 
speaker  can  use  hia  voice  with  ease,  and  many  of  the 
listeners  can  only  hear  indifferently. 

It  may  without  much  danger  be  advanced  that  the 
plainest  and  most  simple  form  of  public  room — namely,  one 
rectangular  in  plan  and  in  section,  presenting  consequently 
straight  walla,  a  flat  floor,  and  a  flat  ceiling,  and  having  all 
the  junctions  of  ceiling  with  walls  or  walls  with  one  another 
at  right  angles — is  of  all  others  the  form  most  liable  to 
acoustic  defects,  and  that  in  proportion  as  this  type  is 
improved  upon  the  chances  of  success  are  increased.  The 
flat  floor  of  such  a  room  renders  it  liable  to  the  obstruction 
of  direct  lines  of  sight  and  hearing,  its  flat  sides  and  square 
angles  are  apt  to  favour  the  generation  and  reflection  of  a 
conducted  wave  of  broken  sound,  and  to  promote  reverbera- 
tion. Its  flat  ends  are  liable  to  cause  echo ;  and  the  equal 
height  throughout  furnishes  a  mass  of  air  above  and 
behind  the  speaker  which  may  be  injurious ;  the  windows 
or  skylights,  if  they  partake  of  the  general  squareness,  will 
each  have  its  own  little  cube  of  sonorous  air  ready  to  be 
set  in  vibration,  and  to  create  in  this  way  a  disturbing 
sound,  while  the  uninterrupted  openness  of  the  whole  space 
aggravates  the  evil  by  allowing  every  echo  and  every  rever- 
beration, once  roused,  the  fullest  scope  to  continue  as  long 
as  it  can  without  check  of  any  sort. 

It  will  be  readily  perceived  that  the  introduction  of  archi- 
tectural features  of  almost  any  description  will  tend  to 
lessen  some  of  the  disadvantages  spoken  of  above.  The 
formation  of  a  recess  for  the  orchestra  or  platform  at  one 
end,  and  masking,  breaking  up  or  curving  the  opposite  end, 
ornamenting  the  walls  or  ceiling  or  both  to  a  moderate  extent, 
rounding  or  canting  off"  the  angles,  bringing  the  ceiling  on  to 
the  walls  with  a  cove  or  a  cant,  and  breaking  it  up  either  with 
groining  or  by  means  of  some  sort  of  open  roof  (but  not  with 
deep  square  coffers),  are  all  not  only  methods  of  adding  archi- 
toctural  effect,  but  of  avoiding  the  risk  of  acoustic  failure. 
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Some  of  these  methods,  especially  the  canted  ceiling  and 
partially  open  roof,  are  generally  applicable  to  even  the 
most  economical  of  structures  ;  but  sometimes,  as  for 
instance  in  large  schools,  where  there  are  rooms  built  over 
one  another,  it  will  be  necessary  to  build  rooms  of  large 
size  perfectly  plain  and  rectangular.  Of  the  safeguards 
which  in  that  case  can  be  suggested,  the  first,  and  by  far 
the  most  important,  is  the  avoidance  of  anything  like  lofty 
proportions ;  in  addition  to  which  it  will  also  be  well  to 
avoid,  as  far  as  possible,  plastered  surfaces  and  deep  recesses 
for  doors,  windows,  and  skylights,  and  to  endeavour  to  secure 
some  simple  numerical  proportion  between  the  different 
dimensions  of  the  room.  If  to  these  obvious  expedients 
can  be  added  a  use  of  resonant  materials  near  the  speaker, 
in  the  shape  of  wooden  linings,  and  perhaps  some 
curtains  or  other  drapery  in  the  remote  parts  of  the 
room,  where  echo  would  be  likely  to  rise,  nearly  as 
much  will  have  been  done  as  is  possible  in  cases  where 
very  limited  means  only  are  available. 

The  defect  in  these  very  plain  halls  is  always  of  the  kind 
resulting  from  excessive  sonority  taking  the  shape  of  echo 
or  of  reverberation,  and  consequently  the  best  palliatives  in 
bad  cases,  which  it  is  desired  to  cure,  are  curtains,  matting, 
and  other  non-reflecting  substances,  and  altering  the  relative 
position  of  speaker  and  hearers. 

If  now,  advancing  one  or  two  steps,  we  turn  to  public 
rooms  of  small  size  and  moderate  pretensions,  such  as  are 
to  be  found  in  the  lecture  rooms  of  scientific  or  literary 
societies,  and  the  town  halls  or  lecture  halls  of  many  provin- 
cial towns,  we  find  a  knowledge  of  the  laws  of  sound  needed  in 
the  adaptation  of  them  to  their  purpose.  Large  school-rooms, 
lecture  halls,  assembly  rooms,  and,  in  fact,  the  majority  of 
halls  of  moderate  size  are  very  liable  to  acoustic  defects. 
One  great  cause  of  these  is  the  disproportion  that  rooms 
of  this  class  often  exhibit ;  another,  the  empty  bareness  and 
flatness  which  they  often  share  with  rooms   of  the  most 
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rudimentary  class;  and  a  third,  and  very  obvious  oue,  ia 
tlie  short  distance  which  the  voice  travels  before  it  meets 
the  wall  or  other  surface  by  which,  if  there  is  an  echo,  that 
echo  ia  occasioned.  It  muyt  not  be  supposed  that  it  is 
necessary,  in  order  that  echo  may  be  raised,  for  a  room  to 
be  even  fifty  or  sixty  feet  long,  bo  that  the  echo  might  be 
returned  at  an  appreciable  distance  of  time  after  the  original 
sound.  In  apartments  of  very  moderate  size  echo  may  be  quite 
perceptible,  and  such  echo  as  follows  instantaneously  upon 
the  utterance  of  a  word  is  hardly  less  confusing  or  annoy- 
ing— as  has  already  been  noted  in  considering  the  position 
of  a  pulpit — than  that  which  is  heard  after  a  short  interval ; 
while,  of  course,  the  nearer  the  reflector  to  the  source  of 
sound,  the  louder  the  reflected  sound  will  be. 

It  would  be  of  advantage  to  this  class  of  building  if  piers, 
when  they  are  used  to  support  the  roof  trusses,  were  brought 
inside  instead  of  being  added  outside  the  walls,  if  the  common 
plastered  lining  were  abandoned  in  favour  of  well-executed 
brickwork,  or  a  match-boarded  lining,  and  if  more  care  were 
taken  about  proportion.  Where  practicable,  it  will  be  pre- 
ferable to  employ  windows  rather  than  skylights,  and  if 
skylights  are  employed  they  ought  to  be  nearly  or  quite 
flush  with  the  general  ceiling.  A  wooden  ceiling,  or  at 
least  one  ceiled  between  the  rafters,  is  preferable  to  a  plain 
plastered  one ;  and  the  same  precautions  as  to  shape  of 
ceiling,  &c.,  advised  for  adoption  in  arranging  the  simplest 
rooms,  will  be  equally  desirable  in  somewhat  better  ones. 
A  cove  at  the  sides  of  the  ceiling  may  often  be  introduced 
with  advantage,  and  if  it  be  large  so  much  the  better.  This 
feature  not  only  cuts  off"  one  of  the  objectionable  series  of 
angles,  or  more  properly  angular  channels  in  a  building,  but 
aftbrds  an  opportunity  for  masking  low  proportions  by  the 
apparent  increase  of  height  that  it  imparts.  If  there  is  an 
open  roof,  or,  what  is  better,  one  partly  open  and  ceiled  at 
the  collar,  the  timbers  ought  not  to  be  very  meagre  and  far 
apart,  that  is  if  it  is  wished  that  they  shall  at  all  check 
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reverberation.  The  formation  of  a  sort  of  recess  at  one 
end,  and  the  introduction  of  a  gallery  across  the  other,  are 
measures  well  adapted  to  the  usual  purposes  for  which  these 
rooms  are  wanted,  and  very  likely  to  be  conducive  to  their 
success  as  regards  acoustic  qualities. 

It  is  to  be  wished  that  a  larger  proportion  of  the  entire 
expenditure  were  devoted  to  the  interior  of  rooms  of  this 
class,  than  is  at  present  allotted.  Care  and  skill  can  some- 
times secure  the  excellence  of  such  rooms  without  additional 
expense,  but  where  the  formation  of  such  features  as  are 
here  advised  would  increase  the  cost,  it  would  always  be 
wise  to  encounter  that  increase,  even  at  the  risk  of  sacri- 
ficing external  effect,  since  the  object  of  the  erection  of  a 
public  room  is  entirely  defeated  if,  when  built,  it  proves 
unfit  for  public  purposes. 

Of  public  rooms  which  have  proved  defective  for  sound 
probably  the  best  examples  are  those  built  for  corn 
exchanges;  and  here  it  may  be  remarked  that  in  a  building 
intended  for  use  as  an  exchange  only,  it  will  be  desirable 
rather  than  not  to  encourage  reverberation,  as  the  occupants 
will  all  prefer  that  the  sound  of  their  voices  shall  be  audible 
no  further  than  to  the  person  they  are  addressing.  Square 
plan,  lofty  proportions,  bare  plastered  walls,  square  recesses, 
deep  skylights,  and  a  hollow  space  under  the  floor,  which 
should  be  of  wood  and  not  carpeted,  will  in  such  a  case  be 
adopted  and  not  avoided. 

In  attempting  to  remedy  defects  in  large  rooms,  the 
methods  to  be  followed  must  depend  of  course  on  the  nature 
of  the  defect  observed,  and  on  the  judgment  of  the  architect 
as  to  its  cause.  It  is  worth  consideration  among  other 
remedial  measures,  whether,  in  some  cases  of  excessive 
height,  raising  the  floor  some  feet  might  not  be  as  efficacious 
as  any  plan  for  reducing  height  by  altering  the  ceiling,  and 
more  easily  tried.  The  introduction  of  non-reflective 
materials,  and  the  cutting  off"  vacant  spaces,  have  already 
been  suggested,  and  in  cases  where  space  over  the  speaker 
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or  musicians  seems  too  great,  the  introduction  of  a  large 
sounding-board,  hung  so  as  to  incline  slightly  upwards, 
will  be  very  likely  to  be  of  service.  Where  reverbera- 
tion is  apparent  in  the  upper  part  of  the  room,  hanging 
flags  or  other  draperies  at  intervals  seems  very  often  to 
check  it.  Sometimes  a  great  improvement  can  be  made 
in  a  room  by  simply  altering  the  level  of  the  platform 
from  which  persons  speak,  which  very  frequently  is  too  high, 
and  in  building  new  rooms  it  will  always  be  well  to  let  this 
platform  be  low,  and,  where  circumstances  admit,  to  let  the 
back  of  it  rise  in  steps,  like  an  orchestra. 

If  in  the  largest  and  most  highly  finished  public  rooms 
there  is  more  opportunity  for  introducing  architectural 
features,  less  risk  of  disproportionate  height,  and  less  chance 
of  violent  echo,  than  in  rooms  of  moderate  size,  it  must  not» 
on  the  other  hand,  be  overlooked  that  the  wall  spaces  and 
ceiling  in  very  large  rooms  are  so  great,  and  the  contained 
mass  of  air  so  large  in  volume,  that  what  in  a  small  room 
might  be  only  an  insignificant  mistake,  would  in  a  large  hall 
occasion  formidable  obstacles.  The  comparative  feebleness 
of  the  echo  roused  by  a  speaking  voice,  supposing  any  echo 
to  exist,  will  not  secure  immunity  from  violent  interferences 
if  the  hall  be  used,  as  all  halls  now  are,  for  concerted  music ; 
and  the  immense  difficulty  of  introducing  remedies  on  a 
sufficient  scale  to  counteract  any  imperfection  once  suffered 
to  appear,  will  always  render  the  acoustic  success  of  a  large 
hall  a  matter  of  such  anxiety  that  it  is  a  happy  thing 
to  have  reason  for  believing  that  immense  size  really  does 
remove  some  portion  of  the  obstacles  -which  beset  small 
rooms. 

It  seems  extremely  probable  that  halls  of  great  magnitude 
and  great  beauty  might  be  built  on  the  general  plan  of  an 
ancient  theatre.  The  chief  modern  instance  that  presents 
itself  to  our  notice  is  the  Handel  Orchestra  at  the  Crystal 
Palace,  a  structure  not  originally  intended  for  auditors  but 
for  performers;  but  which  would  be  so  manifestly  appropriate 
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for  a  large  audience  that  it  may  be  fairly  hoped  to  lead  to 
the  adoption  of  this  arrangement  in  other  buildings. 

Great  halls,  however,  as  now  understood,  are  either  adapta- 
tions of  the  ancient  Roman  halls  which  formed  the  central 
features  of  their  baths,  or  enlargements  and  improvements 
of  the  modern  European  oblong  rectangular  room.  The 
former  follow  a  type  that  was  never  intended  for  an  auditory, 
and  are  not  ordinarily  so  well  adapted  for  public  speaking 
as  for  purposes  of  assembly  and  display ;  the  latter,  built 
exclusively  for  music  and  speaking,  are  of  comparatively 
modern  growth,  their  prototypes  being  no  doubt  the  great 
balls  of  mediaeval  times,  and  the  large  churches  without 
internal  columns  of  the  preaching  orders  of  friars. 

A  comparison  of  a  few  successful  halls  will  show  very 
great  variety  to  exist  in  many  characteristics,  but  a  general 
agreement  in  the  essential  points  that  characterise  a  building 
adapted  to  direct  and  preserve  from  decay  the  sounds  pro- 
duced at  one  end  of  it.  The  ceiling  may  be  curved  or  sloped 
in  various  ways,  but  it  is  never  in  good  examples  horizontal 
throughout.*  Various  modes  of  restricting  the  space  near 
the  speaker  are  adopted,  but  some  such  diminution  is 
always  to  be  noticed.  The  methods  of  counteracting  echo 
may  vary,  but  in  all  cases  some  safeguard  will  be  adopted, 
and  though  the  sections  of  different  buildings  will  differ 
extremely,  they  will  agree  in  presenting  a  moderate  average 
of  height  in  proportion  to  the  width. 

One  of  the  best  examples  that  can  be  presented  of  a  suc- 
cessful public  room  of  the  largest  size,  is  the  Free  Trade 
Hall  at  Manchester,  rebuilt  by  Mr.  Walters,  and  shown  by 
the  accompanying  illustrations,  Nos.  15,  16,  and  20. 

The  requirements  here,  as  in  most  great  rooms,  embraced 
fitness  for  both  musical  performances  and  public  speaking, 


*  The  ceiling  of  Exeter  Hall,  wliich  was  originally  horizontal,  has  been, 
as  is  well  known,  altered,  and  now  presents  a  flat  pointed  arch  in  section. 
Considerable  benefit  to  the  properties  of  the  hall  has  followed  the  change. 
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with  accommodation  for  a  very  large  audience,  solidity  of 
construction,  and  good  architectural  effect,  and  they  have  all 
been  met  successfully. 

The  dimensions  ♦  of  the  great  hall  are  very  considerable  ; 
its  height  is  52  feet,  its  width  78  feet,  and  its  length  to  the 
back  of  the  recess  for  the  orchestra  135  feet,  or,  exclusive  of 
that  recess,  123  feet ;  so  that  the  height  bears  exactly  to  the 
width,  and  approximately  to  the  length,  the  simple  numerical 
relation  of  2  to  3  and  2  to  5,  the  unit  being  26  feet. 

The  plan  is  a  parallelogram,  with  a  recess  for  the  orchestra 
at  one  end,  and  a  semicircular  sweep  in  place  of  a  straight 
wall  at  the  other.  The  ceiling,  as  the  cross  section  shows, 
is  panelled,  and  joins  the  walls  by  a  very  large  cove,  which  is 
slightly  broken  into  by  a  series  of  intersecting  arches,  and 
not  merely  is  the  space  at  the  sides  of  the  orchestra 
diminished  by  a  recess,  but  the  ceiling  is  also  brought  down 
over  it.  The  floor  of  the  main  hall  is  inclined  slightly  at 
the  back,  the  rise  being  about  two  feet,  and  the  incline  com- 
mencing at  about  one-third  of  the  length  of  the  hall  from 
the  platform. 

There  is  one  gallery  occupying  both  the  end  and  the 
sides.  The  side  walls  are  plain  below  the  gallery,  the  upper 
part  of  them  being  only  broken  by  engaged  three-quarter 
columns,  carrying  arches,  so  that  they  offer  no  obstruction 
to  undulations  that  might  pass  them,  though  tho  formation 
of  an  accumulated  wave  of  conducted  sound  (as  in  a  whis- 
pering gallery)  will  be  prevented.  At  the  remote  end  of 
the  building  (whence  echo  would  arise  if  it  existed  at  all) 
every  means  has  been  taken,  in  addition  to  the  semicircular 
form  given  to  the  walls,  to  break  up  the  surfaces.  Under 
the  gallery,  large  entrance  doors,  covered  with  cloth,  are 
introduced.  The  gallery  itself  becomes  deeper  at  the  end 
than  it  is  at  the  sides,  so  as  more  effectually  to  check  the 
sound  that  might  reach  the  back  wall  and  be  echoed. 


•  Builder,  Sept.  1856. 
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Above  the  corridor  sliown  on  the  plan  a  series  of  private 
boxes  are  formed,  the  three-quarter  columns  becoming  here 
detached,  with  open  spaces  between  them,  and  balconies  on 
bold  corbels  being  thrown  forward  to  occupy  the  interspaces. 
The  section  of  front  of  the  gallery  is  a  curve  of  compound 
flexure,  so  that  it  cannot  echo,  and  the  cove  of  the  ceiling 
runs  round  the  sweep.  This  room,  when  empty,  possesses 
a  good  deal  of  sonority,  but  when  full  is  excellent  in  the 
extreme,  either  for  music  or  public  speaking. 

The  amount  of  resonant  material  employed  is  not  great, 
although  there  is  a  good  deal  about  the  orchestra,  the  part 
of  the  building  where  it  will  be  of  most  service.  Con- 
siderable resonance  is,  however,  procured  by  the  large  space 
above  the  ceiling  and  by  the  fact  that  there  is   a  hollow 
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Fig.  15  —Free  Trade  HalL 

space  under  the  floor  ;  the  included  mass  of  air  is  probably 
also  nearly  as  large  as  could  be  safely  set  in  motion,  so  that 
in  all  probability  the  architect  of  this  hall  may  be  considered 
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Pig.  16  —Free  Trade  Hal'i. 
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Fig.  17  — Siirrey  Music  H  Ul. 
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Fig.  18  —Surrey  Music  HalL 
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to  have  approached  as  closely  as  was  either  salutary  or  safe 
that  limit  of  capacity  and  sonority,  to  have  exceeded  which 
would  have  spoiled  the  success  of  his  undertaking. 

The  Surrey  Music  Hall,  shown  in  the  illustrations  num- 
bered 17,  18,  and  19,  is  a  very  good  example  of  a  successful 
hall  of  large  size ;  most  of  the  peculiarities  of  which  offer  a 
wide  contrast  to  those  of  the  last-named  building.  We 
have  here  a  light  construction,  surrounded  by  tiers  of 
galleries  one  over  the  other,  having  a  lofty  roof  on  a  series  of 
internal  columns,  and  the  floor  on  the  level  of  the  grounds 
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Fig.  19.— SuiTey  Music  Hall. 

with  which  it  communicates  directly  by  its  many  doors,  just 
as  the  galleries  open  into  the  balconies  that  surround  them. 
The  points  of  similarity  are  the  general  disposition  of  the 
building  (an  oblong  with  the  orcliestra  at  one  end),  the  care 
taken  to  give  suitable  forms  to  the  end  of  the  hall,  the 
section  of  the  roof,  the  front  of  the  galleries,  &c.,  the  recess 
for  the  orchestra,  the  good  proportions,  the  restricted  mass 
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of  air  in  the  building,  the  careful  avoidance  of  echo,  and  the 
judicious  employment  of  resonance  to  support  the  yoice  or 
instruments. 

The  general  form  of  this  hall  may  be  described  as  an 
elongated  octagon  or  a  parallelogram,  with  semi-octagonal 
ends,  into  which  the  walla  of  the  staircases  project,  so  as 
to  convert  them  into  recesses. 

There  are  three  tiers  of  galleries,  supported  on  light  iron 
oolumns,  and  with  fronts  of  curved  section.  The  ceiling 
over  the  central  space  is  of  domical  section,  and  that  over 
the  galleries  inclined. 

The  very  steep  rise  of  the  orchestra  cuts  off  a  great  deal 
of  vacant  space  behind  the  performers,  and  the  roof  comes 
down  over  them ;  but  in  order  further  to  restrict  the  space, 
a  large  sounding  board,  not  shown  in  our  illustration,  and 
made  of  old  well-seasoned  wood,  was  hung  over  the  orchestra. 
The  forms,  it  will  be  seen  at  a  glance,  are  well  chosen 
throughout  the  building,  and  the  proportions  are  also  good. 
The  extreme  length  is  163  feet  6  inches,  the  width  68  feet 
6  inches,  and  the  height  to  the  underside  of  the  ribs  of  the 
ceiling  is  the  same  ;  so  that  the  width  is  to  the  height  and 
to  the  length  as  1  to  1  and  1  to  2^.  The  main  reliance  of 
the  architect  was,  however,  on  the  use  of  resonant  materials, 
and  these  were  employed  freely.  Beside  the  wood  work  ot 
the  galleries  and  orchestra,  and  the  wooden  sounding  board, 
the  whole  walls  were  lined  with  boarding  on  battens,  with  a 
special  view  to  promote  resonance,  and  the  ceilings,  which 
are  plastered,  were  originally  intended  to  be  of  wood,  for 
the  same  purpose.  The  success  of  this  hall  both  for  music 
and  public  speaking  was  complete.  Very  large  audiences, 
which  have  been  differently  stated,  but  cannot  be  estimated 
at  fewer  than  8000  people,  and  probably  much  over  that 
number  have  been  able  to  hear  perfectly  in  even  the  remotest 
parts  of  the  building;  and  vast  as  it  is,  even  professional 
musicians  consider  it  one  of  the  best  music-rooms,  large  or 
small,  in  the  metropolis. 
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The  "  Metropolitan  Tabernacle "  of  Mr.  Spurgeon  is  of 
too  recent  erection  to  be  fairly  available  as  an  example  of  a 
well  known  and  thoroughly  tested  acoustic  building,  but  it 
promises  to  prove  successful,  and  on  examination  will  be 
found  to  possess  a  great  many  of  the  peculiarities  of  the 
Surrey  Music  Hall,  and  to  depend  mainly  upon  similar 
arrangements  of  form  and  a  similar  employment  of  resonant 
material  for  its  effect  on  sound. 

The  new  room  erected  in  Edinburgh  by  Professor  Donald- 
son, conspicuous  as  having  been  built  according  to  carefully 
regulated  harmonic  proportions,  has  been  spoken  of  by  those 
who  have  visited  it  as  remarkably  successful  for  music.  This 
room  measures  36  feet  in  width,  48  feet  in  height,  and  90 
feet  in  length,  and  the  relation  between  these  dimensions 
is  founded  upon  the  simple  but  intimate  relation  between 
the  numbers  3,  4,  and  5,  a  relation  which  may  be  illustrated 
by  remembering  that  if  a  right-angled  triangle  be  described, 
having  the  two  sides  adjacent  to  the  right  angle  respec- 
tively 3  and  4  units  long,  the  hypothenuse  will  be  5  units  in 
length.  Twelve  feet  has  been  selected  as  the  unit,  and  the 
breadth  of  the  room  has  been  made  three  twelves  (or  36 
feet),  and  the  height  four  twelves  (or  48  feet).  Five  twelves 
(or  60  feet),  however,  which  would  follow  from  the  simplest 
application  of  the  harmonic  numbers,  has  been  extended  to 
seven-and-a-half  twelves  (or  90  feet),  for  the  length  of  the 
room,  by  adding  to  the  original  dimension  its  first  harmonic 
subdivision — its  half.  "We  are  not  informed  what  the 
natural  note  of  this  room  is,  but  it  seems  reasonable  to 
presume  that  it  must  be  that  due  to  an  undulation  12  feet 
long,  or  to  one  the  length  of  which  is  some  multiple  or  sub- 
multiple  of  12  feet.  "The  position  of  the  windows,  height 
and  dimension  of  the  cornices,  &c.,  &c.,  have  all  been  regu- 
lated by  these  harmonic  numbers,  3,  4,  5." 

It  is  not  to  be  understood  that  these  proportions  are 
adopted  in  this  instance  as  the  only  good  ones,  nor  is  it 
wished  by  the  learned  designer  of  this  room  that  it  should 
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be  considered  a  model  music-hall  for  all  purposes,  and  uudt-r 
all  circumstances.  In  fact,  the  great  height  in  proportion 
to  the  width  would  clearly  become  prejudicial  were  all  the 
dimensions  doubled.  This  room  is  rather  to  be  regarded  as 
one  of  the  best  illustrations  existing  of  the  importance, 
especially  for  music,  of  definite  harmonic  proportions,  and 
as  elucidating,  though  not  authoritatively  fixing,  the  mode 
in  which  such  proportions  may  be  regulated. 

It  has  appeared  sufficient  for  purposes  of  illustration  to 
bring  forward  only  a  few  examples,  and  those  of  well-known 
and  generally  accessible  structures.  Most  readers  will  find 
opportunities  of  verifying  the  views  laid  down  by  other 
examples  of  public  buildings,  especially  of  places  of  worship, 
which  last  seemed  too  numerous  for  it  to  be  quite  fair  to 
select  one  or  two  single  instances  for  either  praise  or 
blame. 

It  now  remains  to  make  one  or  two  observations  on 
smaller  rooms,  such  as  committee-rooms  and  board-rooms, 
private  chapels,  or  music-rooms  in  private  houses,  and  even 
ordinary  dwelling  or  reception-rooms,  all  of  which  are  liable 
to  acoustic  defects  and  capable  of  acoustic  excellence,  not- 
withstanding their  moderate  size.  It  often  happens  in  public 
institutions  containing  one  large  room  (for  example,  a 
board-room),  that  in  defiance  of  architectural  proportion, 
the  smaller  rooms  on  the  same  floor  are  built  of  the  same 
height,  though  not  perhaps  one-third  the  width  of  the  large 
one.  Such  rooms  are  usually  bad  for  speaking  and  hearing 
in,  and  it  is  not  to  be  wondered  at  that  they  should  be  so. 
Cubical  rooms,  i.  <?.,  such  as  have  nearly  the  same  dimension 
each  way,  are,  as  well  as  over-lofty  ones,  all  ordinarily  bad, 
even  if  quite  small,  and  should  be  avoided.  Circular  and 
octagonal  forms,  and  breaks  or  recesses  where  they  can  be 
introduced,  are  always,  on  the  other  hand,  to  be  recommended, 
as  likely  to  diminish  the  liability  to  disturbance  in  any 
moderate-sized  apartment. 

In  a  room  specially  intended  for  a  music-room,  or  lor  a 
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public  business-room,  the  architect  will  do  well  to  adopt 
a  ceiling  not  perfectly  flat,  and,  if  possible,  of  wood.  It 
may  also  be  serviceable  to  introduce  wood  as  a  lining  to  the 
walls,  even  if  it  is  to  be  covered  with  paper,  and  it  will  be 
well  in  such  a  room  to  discourage  the  introduction  of  a  large 
amount  of  furniture  ;  and  if  there  are  window-curtains  in  a 
music-room,  it  will  be  better  for  them  to  be  kept  entirely 
within  the  window-reveals.  Such  a  room  would  be  an 
appropriate  place  for  the  introduction  of  ornamental  wooden 
flooring,  such  as  might  induce  the  occupiers  to  dispense 
partially  or  entirely  with  carpets. 

In  board-rooms,  however,  and  other  public  rooms,  the 
advantage  of  a  carpet  to  deaden  sounds  of  feet  upon  the 
floor,  and  other  disturbances,  will  more  than  counterbalance 
any  loss  of  sonority  that  may  be  experienced.  Board-rooms 
may  often  be  appropriately  panelled  with  wood.  This  was 
done  by  Mr.  Hard  wick  at  the  board-room  at  Euston  Square 
Station,  a  room  in  which  the  slightest  sound  is  distinctly 
heard. 

Among  expedients  recommended  by  some  authorities,  may 
be  mentioned  the  precaution  that  all  wood,  whether  in  floor, 
ceiling,  or  linings  to  walls,  shall  be  not  only  well  seasoned, 
but  in  as  long  lengths  as  can  be  procured.  There  seems 
some  probability  of  advantage  from  this  ;  at  any  rate,  there 
can  be  no  possible  detriment  to  a  room  from  using  long 
lengths  of  timber  within  the  room  itself,  but  harm  may 
sometimes  result  from  allowing  joists  or  girders  to  run 
through  a  partition,  so  that  one  unbroken  piece  of  timber 
lies  under  the  floors  of  two  adjoining  rooms.  A  single 
girder  has  been  known  in  this  way  to  convey  sound  from 
one  side  of  a  seemingly  impenetrable  wall  to  the  other,  in 
a  manner  apparently  most  mysterious,  till  accounted  for 
by  the  accidental  discovery  of  the  piece  of  timber. 


Under  the  title  of  '*  Miscellaneous,"  we  must  consider 
^ome  few  structures  which  cannot  fairly  be  classed  under 
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any  of  the  heads  that  have  been  successively  considered,  but 
which  have  a  claim  to  be  at  least  mentioned  in  any  treatise 
on  the  Acoustics  of  Public  Buildings.  The  most  prominent 
in  this  miscellaneous  class  is  the  Crystal  Palace. 

Although  so  much  music  has  been  performed  in  the 
Palace,  opinions  are  very  much  divided  as  to  its  suitability 
for  the  purpose.  It  seems  pretty  clear  that  no  echo,  or  but 
very  little,  is  experienced  from  the  glazed  surfaces,  and  it 
will  probably  not  be  far  from  the  truth  if  we  say  that  nearly 
all  the  advantages  obtained  by  performances  in  the  open 
part  of  the  Palace  are  shelter,  a  quiet  atmosphere,  and  the 
absence  of  echo.  Probably  the  influence  of  the  vast  mass  of 
wood  in  the  Handel  Orchestra,  and  some  amount  of  benefit 
from  the  enclosure  behind  it  and  the  velarium  which  covers 
it,  must  also  be  taken  into  account  when  the  performances 
are  on  a  great  scale.  The  concert-room  of  the  Palace,  a  large 
temporary  hall,  has  on  the  whole  well-arranged  forms,  though 
perhaps  too  bare  and  unbroken,  but  it  cannot  be  called  a 
favourable  room  for  music,  and  its  want  of  sonority  is  pro- 
bably a  consequence  of  the  fact  that  it  is  not  lined  with  wood 
or  other  resonant  substance,  or  even  with  hard,  non-resonant 
material,  but  with  canvas.  The  experiment  of  musical 
performances  in  the  Floral  Hall,  as  well  as  at  the 
Crystal  Palace,  while  demonstrating  the  possibility  of 
sheltering  a  vast  audience,  which,  when  grouped  round 
a  full  orchestra  or  a  singer  with  a  powerful  voice,  shall 
be  able  to  hear  music  in  a  manner  satisfactory  to  itself, 
seems  to  add  an  additional  proof,  if  one  were  needed, 
that  glass  structures  are  not  adapted  to  act  favourably 
on  sound. 

All  temporary  erections  of  canvas,  tents,  awnings,  and 
marquees  are  very  deadening  in  their  effect  on  the  voice; 
and  on  any  great  occasion,  when  it  is  necessary  that 
speeches  should  be  made  under  such  shelter,  it  wiU  be 
quite  worth  while  to  form  a  rough  sort  of  recess  of  boards 
or,  at  least,  to  make  a  temporary  wooden  screen,  having 
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Boiiiething  like  a  sounding-board  connected  with  it,  in  front 
of  which  the  speakers  could  stand. 

Whispering-galleries,  and  places  where  a  low  sound  is 
ttausmitted  to  a  great  distance,  have  always  been  objects 
of  much  and  not  unnatural  wonder.  Some  of  them  depend 
upon  the  conduction  of  the  sound  along  a  very  smooth  sur- 
face, and  others  upon  its  reflection  ;  but  in  either  case  the 
hurprising  loudness  with  which  a  whisper  uttered  at  the 
proper  place  is  heard  at  some  other  spot,  is  due  to  the 
coincidence  at  the  hearing  point  of  several  rays  of  sound 
reacliing  it  at  the  same  time  by  different  paths.  Thus  we 
have  seen  that  in  the  whispering-gallery  at  St.  Paul's  the 
sound  reaches  the  point  where  it  becomes  audible  by  two 
different  paths  of  equal  length,  so  that  a  double  effect  is 
produced  on  the  hearer.  St.  Paul's  is  an  instance  of  con- 
duction along  the  walls ;  in  other  cases,  as,  for  example,  in 
tlie  t'elebrated  one  at  Girgenti,  we  have  the  phenomena  of 
concentrated  reflections,  the  action  of  which  can  be  easily 
shown  by  fixing  two  circular  reflectors  of  parabolic  form 
facing  one  another,  but  at  a  great  distance  apart, — a  faint 
whisper  made  at  the  focus  of  one  will  be  heard  concentrated 
at  the  focus  of  the  other,  nearly  as  loud,  though  not  so  dis- 
tinct, as  if  the  listener  were  close  to  the  speaker. 

In  this  case  all  the  rays  of  sound  which  fall  upon  the  first 
reflector  are  thrown  by  it  to  the  second,  which  concentrates 
them,  and  it  will  easily  be  understood  that  an  ear  at  any 
point  midway  would  intercept  only  a  very  small  portion  ot 
the  passing  sound,  probably  not  enough  to  make  any  audible 
impression. 

Where  sounds  are  emitted  under  a  smooth  hollow  vault 
of  a  conical  shape  they  will  be  no  doubt  concentrated 
towards  the  apex  of  it.  This  is  the  case  in  the  common 
hearing  trumpet,  and  occurred  in  the  famous  prison  at 
Syracuse,  called  the  Ear  of  Dionysius,  which  was,  in  fact, 
nothing  else  than  a  hearing  trumpet  on  a  great  scale.  Such 
constructions  are  not  now  needed  but  the  arrangements  of 
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modern  prison  discipline  have  rendered  an  exactly  opposite 
character  in  prison  cells  a  desideratum,  and  one  of  the 
problems  of  the  present  day  has  been  how  to  isolate  these 
cells,  so  as  to  prevent  the  possibility  of  the  prisoner  con- 
fined in  one  cell  being  able  to  communicate  with  the  occu- 
pant of  an  adjoining  one. 

An  ingenious  method  of  preventing  oral  communication 
through  air-flues  in  prisons  lias  been  already  referred  to. 
The  construction  of  cell  walls  in  such  a  manner  as  to  render 
them  sound  proof  has  been  the  subject  of  experiments 
described  in  some-  of  the  Government  reports,  and  in  the 
masterly  report  on  prison  construction  and  arrangement 
presented  to  the  Trench  Government  by  M.  De  Metz ;  the 
general  result  arrived  at  being  that  double  walls,  with  the 
hollow  filled  witli  sand,  were  found  more  impenetrable  to 
sound  than  any  solid  construction. 

The  general  principle  of  weakening  the  impulse  by 
repeated  checks  is  applicable  to  the  windows  of  rooms 
adjoining  public  thoroughfares,  so  as  to  prevent  disturbance 
from  noise  outside.  Tiie  usual  and  the  best  precaution  ia 
to  have  double  sashes  to  such  windows,  but  it  would  be  a 
saving  of  expense,  and  probably  quite  as  effectual  a  plan,  so 
to  arrange  a  single  sash  and  frame  that  two  panes  of  glass, 
with  a  small  space  if  only  half  an  inch  between  them,  might 
be  fixed  in  it.  Even  a  very  light  curtain  will  intercept  a 
good  deal  of  sound,  but  two  or  three  curtains  form  as 
effectual  a  barrier  as  a  stone  wall,  especially  if  they  are 
heavy  ones. 

Bells,  organs,  and  orchestras  are  so  intimately  connected 
with  architectural  acoustics  that  they  ought  not  to  be 
passed  by  without  mention;  the  two  latter  have,  however, 
been  casually  touched  upon,  and  it  only  seems  necessary  to 
add  here  that  in  building  an  orchestra  care  should  be  taken 
to  use  the  best  seasoned,  oldest,  driest  wood  possible,  which 
had  better  be  employed  in  long  lengths.  It  will  be  prudent 
to  leave  under  a  raised  orchestra,  and  especially  under  the 
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front  of  it,  vacant  spaces,  which  had  better  be  entirelj 
unoccupied,  the  front  of  which,  next  the  room,  not 
being  exposed  to  much  wear  and  tear,  may  be  well  made 
of  extremely  thin  boarding.  It  seems,  too,  desirable  that 
the  incline  of  the  seats  should  be  on  an  isacoustic  curve, 
becoming  very  steep  at  the  back. 

Beyond  the  few  remarks  on  the  position  of  an  organ, 
abeady  introduced,  it  would  be  difficult  to  consider  that 
instrument  at  length  without  importing  into  this  volume 
matter  foreign  to  its  purpose. 

Fortunately  also  it  will  be  unnecessary  to  add  any  explana^ 
tions  with  respect  to  bells ;  all  that  could  be  advanced  here 
about  them  will  be  found  better  said  in  Mr.  Denison's 
treatise,*  and  in  the  other  publications  mentioned  in  con- 
nection with  it  in  the  list  of  books  of  reference  at  the  end 
of  this  volume. 


The  application  to  practice  of  the  principles  and  laws  of 
acoustics  will  not  only  have  reference  to  the  arrangement  of 
new  structures,  but  to  the  endeavour  to  remedy  the  defects 
of  existing  buildings;  and  here  the  first  step  of  course  will 
be  to  verify  the  existence,  nature,  and  extent  of  those 
defects. 

In  forming  an  opinion  upon  the  success  or  failure  of  any 
public  room  or  building,  by  far  the  surest  guide  is  the 
account  given  of  it  by  the  persons  who  speak  or  sing  in  it. 
Out  of  a  large  audience,  even  in  a  defective  room,  there  may 
be  many,  perhaps  a  large  proportion,  who  will  hear  well ;  and 
in  conversation  with  frequenters  of  any  such  place,  especially 
if  it  be  a  place  of  worship,  where  the  same  persons  occupy 
the  same  seats  on  every  occasion,  the  architect  is  quite 
as  likely  to  hear  the  opinion  of  those  who,  occupying  the 
best  seats,  are  able  to  hear  with  perfect  comfort,  as  that  oi 
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those  who,  occupying  remote  seats,  feel  inconvenience. 
Again,  in  many  buildinga  radically  defective,  but  not  so  to 
a  great  extent,  it  is  possible  for  a  speaker  or  singer  to  make 
himself  heard  to  the  remotest  corner,  but  at  the  expense 
of  an  undue  amount  of  exertion,  or  a  troublesome  manage- 
ment of  the  voice.  Of  this  fact  the  frequenters  of  the  place 
may  never  be  apprised  till  they  learn  it  from  the  failure  of 
the  voice  of  the  accustomed  preacher  or  speaker,  or  from 
their  inability  to  hear  the  words  of  some  stranger  with  only- 
moderate  vocal  powers  or  skill.  Lastly,  in  the  case  of  music, 
the  writer  is  convinced  that  comparatively  few  persons  are 
alive  to  the  difference  between  a  good  music-room  and  a 
bad  one  ;  and  though  to  a  delicate  or  well-trained  ear  half 
the  pleasure  of  music  is  lost  if  performed  in  a  noisy  or  a 
deadening  dull  room,  it  is  ten  to  one  if  a  casual  auditor 
would  complain  of  any  defect  in  the  room,  though  he  might 
be  quite  alive  to  the  fact  that  the  same  performance  had 
given  him  more  pleasure  on  some  other  occasion — a  circum- 
stance which  he  would  probably  unjustly  attribute  to  some 
variation  in  the  manner  of  the  performer. 

None  of  these  sources  of  error  are  liable  to  mislead  a 
preacher,  speaker,  singer,  or  actor,  when  exercising  his  voice. 
He  feels  at  once  whether  he  is  filling  the  building  with  his 
voice  and  whether  he  is  doing  so  with  ease  or  effort ;  if  he 
be  a  musician,  he  is  quite  conscious  of  support  to  the  tones 
of  the  voice  in  a  good  room,  and  opposition  to  it  in  a  bad 
one ;  and  if  the  room  be  in  other  respects  good,  but  too 
vast,  he  may  perhaps  be  unable  at  first  to  detect  any  diffi- 
culty in  speaking,  but  will  complain  of  undue  exhaustion  in 
consequence  of  being  insensibly  induced  to  exert  himself 
over  much.  When  a  speaker  feels  difficulty  in  speaking 
it  is  certain  that  some  at  least  of  his  hearers  are  hearing 
with  difficulty,  and  when  a  musician  complains  of  a  want  of 
support,  or  a  sense  of  something  suff'ocating  or  stifling  in 
the  room,  it  is  equally  certain  that  the  richness  of  his  tones 
cannot  be  properly  heard. 
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Perhaps  echo  may  under  rare  circumstances  form  an 
exception,  and  part  of  the  auditory  may  be  annoyed  by  this 
defect  when  the  speaker  is  not ;  but  this  will  probably  be  of 
rare  occurrence. 

The  existence  of  a  defect  being  once  established,  the  testi- 
mony of  auditors,  or,  what  is  better,  a  personal  visit  to  every 
part  of  the  building  when  in  use  will  enable  the  architect  to 
satisfy  himself  in  what  portions  it  is  perceptible,  and  this, 
coupled  with  his  observations  on  the  form  of  the  building 
and  its  materials,  will  ordinarily  enable  him  to  satisfy  him- 
self as  to  the  probable  cause  of  the  evil,  and  consequently 
the  most  suitable  remedies  to  suggest;  that  is,  if  any  remedy 
at  all  is  possible,  for  many  bad  rooms  are  almost  past  cure — 
their  defects  can  probably  be  only  palliated.  In  attempts  to 
correct  defects  in  existing  buildings,  it  will  be  often  neces- 
sary to  act  to  a  great  extent  experimentally,  and  the  value 
of  a  knowledge  of  acoustics  will  not  be  that  it  will  enable 
the  architect  to  predict  with  confidence  what  remedy  will 
infallibly  succeed,  but  rather  that  it  will  enable  him  better 
to  understand  what  expedient  may  be  tried  with  the 
greatest  chance  of  success,  and  to  indicate  the  exact  manner 
in  which  any  remedy  which  it  is  proposed  to  try  should  be 
applied. 

In  the  erection  of  new  buildings  a  greater  approach  to 
certainty  seems  attainable,  not  that  any  laws  or  principles 
can  be  laid  down  which  will  render  it  unnecessary  for  the 
architect  to  proceed  with  care,  judgment,  and  tact,  and  to 
endeavour  to  accumulate  a  stock  of  experience  by  the 
study  of  existing  buildings.  If,  however,  certain  broad 
principles  exist,  such  as  it  has  been  the  aim  of  this 
manual  to  develop  and  illustrate,  and  if  certain  qualities 
of  a  building,  or  circumstances  connected  with  it,  are 
conducive  to  success,  and  certain  others  are  ordinarily, 
perhaps  invariably,  accompanied  by  failure,  it  does  not 
seem  extravagant  to  say  that  every  architect  has  it 
in  his   power,  by   carefully  incorporating  with  his  design 
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those  proportions,  materials,  and  arraugements  which  are 
proved  advantageous,  and  excluding  those  which  are 
injurious,  to  secure  beforeliand  that  his  building,  when 
erected,  shall  be  favourable  and  not  unfavourable  in  ila 
influence  on  sound. 
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BOOKS  OF  KEFEEENCE. 
I.— BOOKS  OF  REFERENCE  ON  THE  SCIENCE  OF  ACOUSTICS. 

1.  Sib  John  Herschel.  ''Sound."  The  treatise  under  that 
heading  in  the  **  Encyclopedia  Metropolitana,"  republished 
separately.     London,  1849. 

The  best  treatise  in  English,  but  having  been  written  previous  o 
A.  D.  1830,  this  work  does  not  include  the  most  modern  discoveries, 
many  of  which  are  of  great  interest. 

2.  Savart.     "  L'Institut,  Journal  des  Academies,  &c."    Paris. 

Volumes  for  1839  and  1840  contain  a  "Cours  d'Acoustiqne,  par 
Savart,"  being  lectures  delivered  in  Paris  by  him,  embodying  the 
results  of  his  own  researches,  as  well  as  those  of  previous  experimenters, 
and  forming  a  work  of  the  highest  order  of  merit. 

3.  BiOT.     "  Precis  El^mentaire  de  Physique."    Paris. 

A  recognised  standard  authority. 
"  Memoires  de  la  Soci6te  d'Arcueil,"  vol.  ii.     Paris,  1807. 
Contains  contributions  by  M.  Biot. 

4.  PotriLLET.     "  Cours  de  Physique,"  7th  edit.  .  Paris,  1856. 

Includes  a  lucid  and  comprehensive  treatise  on  the  science  of  sound, 

5.  Chiadni.     **  Traits  d'Acoustique."     Paris,  1809. 

A  re-issue  in  French,  with  additions,  of  a  work  previously  published 
by  the  author  in  German.  A  standard  work.  By  the  same  author 
there  are  also  two  smaller  works,  "Entdeckungen,"  1767,  and  *'Neue 
Beitrage  zur  Akustik,"  1817.  "AUgemeine  Musikalische  Zeitung," 
from  A.  D.  1821  to  a.  d.  18:7  inclusive,  also  contains  valuable  paperg 
on  matters  connected  with  acoustics,  contributed  by  ChladnL 

6.  Sis  John  Leslie.  The  article  "Acoustics,"  contributed 
to  the  "Encyclopaedia  Britannica." 

In  the  7th  edition  of  the  "Encyclopaedia,"  supplementary  matter, 
of  which  there  was  need,  is  added  by  another  writer. 
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7.  Maby  Somerville.  "  Connexion  of  the  Physical  Sciences.'' 
Ivondon. 

8.  Wheatstone.  Papers  contributed  to  the  *'  Quarterly 
Journal  of  Science,  Literature,  and  Art."     London,  1827 — 9. 

*'  Journal  of  Royal  Institution."     London,  1830 — 31. 

*'  Proceedings  of  Royal  Institution." 

"  Reports  of  British  Association." 

The  most  valuable  contributions  which  England  has  famished  to 
the  science  of  acoustics  lie  scattered  among  these  papers. 

9.  "  Annales  de  Chimie,"  &c.,  from  a.  d.  1816. 

Contains  many  valuable  contributions  by  Savart,  Wertheim,  Lissa- 
joux,  and  others. 

10.  Hassenfratz.     "  Journal  de  Physique    et    de  Chimie," 

vol.  lix.     Paris. 

Contains,  at  p.  1 8,  an  abstract  of  Hassenfratz's  admirable  paper  on 
the  speaking-trumpet. 

11.  Arnott's  "  Elements  of  Physics." 

12.  Brewer  on  **  Sound."     London,  1854. 

13.  Weber.     "  Wellenlehre."     Leipzig,  1825. 

A  treatise  on  the  doctrine  of  waves  of  light^  sound,  and  ponderable 
fluids. 

14.  Scott  Russell.  "Report  on  Waves,"  made  to  meetings 
of  British  Association  in  1842—43,  and  printed  in  their  Reports 
for  1844. 

Various  Encyclopaedias  and  treatises  on  physics  might  have  been 
also  named,  as  giving  more  or  less  complete  accounts  of  the 
science. 

In  some  of  the  above-mentioned  works,  especially  those  of  Sir 
John  Herschel  and  Chladni,  copious  references  are  given  to  the 
various  writers  with  whose  investigations  of  the  abstruse  refine- 
ments of  acoustics  the  mathematical  student  may  wish  to  make 
himself  acquainted,  and  to  the  works  of  earlier  writers. 


XL— BOOKS  OF  REFERENCE  ON  ACOUSTICS  AS  APPLIED  TO 
BUILDINGS. 

1.  LAcnilsz.     '*  Acoustique  et  Optique  des  Salles  de  Reunions 
Publiques,"  Par  Th6odore  Lachez,  Architecte.     Paris,  1848. 

Reference  has  been  repeatedly  made  to  this  little  work,  a  treatise 
of  real  value  to  the  architect. 
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2.  Rhodk.  "  Th6orie  der  Verbreitung  des  Sohalles  fiir  Bau- 
ktinstler,"  {The  Theory  of  the  Propagation  of  Sound  for  Archi- 
tects,) J.  G.  Rhode.     Berlin,  1800. 

This  tract,  devoted  mainly  to  theatres,  does  not  exceed  the  dimen- 
sionaof  a  short  pamphlet,  and  is  recommended  by  Chladoi  as  preferred 
by  him  to  any  others  he  had  seen. 

S.  Chladni.  "  Trait6  d'Acoustique,"  "  Allgemeine  Musik- 
aliache  Zeitung,"  for  30th  August,  1826. 

These  publications  have  been  already  named  in  the  first  list.  In 
the  "  Traite,"  by  Chladni,  several  sections  are  devoted  to  the  arrange- 
ment of  buildings  for  sound  ;  and  in  the  number  of  the  "Zeitung" 
indicated,  there  is  a  good  paper  contributed  by  him,  on  the  same 
subject.  In  both  cases  he  coincides  pretty  closely  with  £hode*8  views, 
but  adds  to  them. 

4.  Ottmee.     "  Architectonische  mittheilungen."     1830. 

Qives  an  account  of  the  construction  of  the  Theatre  at  Berlin. 

5.  Saunders.     "  On  Theatres." 

**A  Treatise  on  Theatres,"  by  George  Saunders.  London,  1790. 
Not  very  profound,  nor  everywhere  correct,  but  of  value. 

()  Wtatt.  '*  Observations  on  the  Principles  of  a  Design  for  a 
Thi-atre."     London,  1811. 

Quoted  largely  by  Gwilt,  in  his  **  Encyclopaedia." 

7.  Inman.  *'  On  Ventilation,  Warming,  and  Sound."  London, 
1836. 

An  abstract  of  the  "Evidence  taken  before  a  Select  Committee  (of 
the  House)  to  consider  the  best  modes  of  ventilating  and  warming  the 
New  Houses  of  Parliament."  The  evidence  of  Professor  Faraday  and 
Dr.  Reid  is  given  pretty  fully  in  this  abstract.  The  original  Keport 
is  dated  2nd  Sept.,  1835. 

8.  Webstee.  "  On  the  Principles  of  Sound,  and  their  Applica- 
ti(»n  to  the  New  Houses  of  Parliament."     1840. 

9.  Db.  Reid.     "  On  Warming  and  Ventilation." 

Includes  some  remarks  on  acoustic  arrangement  of  buildings;  in 
substance  similar  to  his  evidence^  for  which  see  Inman  (7;. 

10.  Matthews.     *'  Observations  on  Sound." 

11.  Scott  Russell.  Two  papers  read  before  the  Royal  Insti- 
tution of  British  Architects,  in  February,  1847. 

These  were  very  valuable.  An  abridged  report  is  to  be  found  in 
the  "Builder,"  for  1847,  pages  82  and  118,  and  the  "Building 
News"  for  Nov.  26,  Dec.  3,  and  Dec.  10,  1858. 


160  APPENDIX. 

12.  Blackbtjen.  "Description  of  a  Parabolic  Sounding-board, 
erected  in  AttercliflP  Church,"  by  the  Rev.  John  Blackburn,  M.A. 

Pamphlet.)     London,  1829. 

13.  A  Paper  read  by  the  Author  of  this  volume  before  the 
Architectural  Association,  and  printed  in  the  **  Building  News" 
for  Nov.  19,  1858. 

A  Paper  read  by  the  same  before  the  Royal  Institute  of 
British  Architects,  December,  1860,  printed  in  their  "  Trans- 
actions "  and  in  the  Architectural  Journals. 


ON  BELLS. 

14.  Chladni.     "  Neue  Beitrage  zur  Akustik."     1817. 

15.  Denison.  "  On  Clocks  and  Watches,  and  Bells,"  forming 
volume  No.  67,  68  of  this  series. 

16.  "Philosophical  Transactions,"  vol.  xlviii.  page  195. 

17.  "  Copy  of  Report  on  Condition  of  the  Great  Bell  of  the  New 
Palace  of  Westminster,"  ordered  by  the  House  of  Commons  to  be 
printed,  August,  1860. 

Contains    reports    by   Professor    Tyndall,    Professor    Airey,    ana 
Dr.  Percy. 
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Abeorption  of  sound,  27. 

Absorption  of  sound  by  soft  surfaces, 
39. 

Acoustic  classification  of  public  build- 
ings, 92,  93. 

Acoustic  division  of  buildings  into 
two  classes,  94. 

Acoustics  defined,  1 ;  dependence  to 
be  placed  on  the  theory  of,  2 ; 
derivation  of  the  term,  1  n, ;  prac- 
tical application  ef,  neglected  in 
works  on,  2;  principles  of,  3; 
pronunciation  of  the  word,  1  n. ; 
works  of  reference  on,  157. 

Air,  production  of  sound  by  the  vibra- 
tion of  a  column  of,  10;  resonance 
of  a  mass  of,  75,  77 ;  distance  to 
which  a  speaker  can  be  heard  in 
the  open,  33. 

Analogy  between  the  motions  of 
sound,  light,  and  water,  28. 

Application  of  the  theory  of  acoustics 
to  practice,  92  et  seq. 

Atmosphere,  propagation  of  sound 
in  the,  17  ;  illustrated,  19,  21. 

Attercliff  church,  reflector  erected  in, 
Q2. 

Auditorv,  arrangement  of  seats  in 
an,  45. 

Auxiliaries  to  sound,  33 ;  importance 
of,  in  buildings,  90 ;  proper  use  of, 
91. 

Awnings,  deadening  effect  of  on 
sound,  149. 

Badly-proportioned  buildings,  ob- 
stacles to  sound  produced  by,  58. 

Basilica  churches  described,  113. 

Basilicae,  useof,  113;  interior  arrange- 
ment of,  113. 

Bella,  152;   works  of  reference  on, 
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3101*8  experiments  on  the  conduction 
of  sound,  16. 

Board-room  of  the  Euston  Station, 
148. 

Books  of  reference  on  acoustics,  157. 

Books  of  reference  on  bells,  160. 

Buildings,  acoustic  classification  of 
public,  92,  93;  acoustic  division 
of,  into  two  classes,  94;  advan- 
tages of,  over  the  open  air.  for  the 
transmission  of  sound,  36 ;  auxi- 
liaries to  the  propagation  of  sound 
that  can  be  afforded  by,  59 ;  effect 
of  badly-proportioned,  on  sound, 
58;  form  of,  in  which  the  voice 
spreads  by  natural  radiation,  95 ; 
importance  of  auxiliaries  to  sound 
in,  90 ;  influence  of,  on  the  propaga- 
tion of  sound,  37 ;  in  which  acoustic 
defects  are  advantageous,  136. 
Obstacles  presented  by  buildings 
to  the  transmission  of  sound,  38 ; 
absorption,  39 ;  decay,  39  ;  echo, 
63;  obstruction,  42  ;  reverberation, 
50.  Shape  and  proportion  of,  for 
conducting  sound,  70;  value  of 
hollow  spaces  beneath  the  floors 
of,  110. 

Canterbury  Cathedral,  musical  re- 
sonance of,  89. 

Carpets,  use  of,  to  absorb  sound,  39. 

Cathedrals,  musical  resonance  of,  88. 

Ceiling,  advantages  of  an  elliptical, 
73. 

Chapels,  construction  of,  115,  129; 
galleries,  129;  position  of  the  pulpit 
in,  129. 

Church,  requirements  of  a,  115. 

Churches,  acoustic  qualities  of  Wren's, 
122;  construction  of,  115;  Deni- 
son  on  construction  of,  117  ;  effect 
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of  columns  in.  119;  evils  of  high 

roofs    with  a  single    span,   118 ; 

galleries  of,  116,122;  position  of 

the  organ,  127 ;   position    of   the 

pulpit     and    reading-desk,    124 ; 

transepts,  effect  of,  on  sound,  123 ; 

Wren  on  the  construction  of,  120; 

Wren  on  the  number  of   persons 

that  can  comfortably  see  and  hear 

in,  35. 
Coffers  and  recesses,  effect  of,  in  pro- 
ducing reverberation,  62. 
CoUadon   and  Sturm's  experiments 

on     the    propagation    of    sounds 

under  water,  16, 25. 
College  of  Physicians,  Wren's  lecture 

theatre  of  the,  described,  102. 
Columns,  effect  of,  on  sound,  50. 
Committee-rooms,    arrangement    of, 

147. 
Conduction  of  sound,  69,  loO ;  best 

proportions  of  buildings  for,  70; 

by  the  Whispering  Gallery  of  St. 

Paul's,  27  ;  Biot's  experiments  on, 

27  ;  Herschel  on,  26. 
Consonant  intervals,  13. 
C-'ontinuous  sound  produced  by  rapid 

but  distinct  impulses,  8. 
Corn  Exchanges,  buildings  in  which 

acoustic  defects  are  advantageous, 

136. 
Crystal  Palace,  acoustic  character  of, 

149. 
Currents,  interruption  of   sound  by 

atmospheric,  48. 
Curtains,   absorption   of  sound  by, 

39. 

Damp  walls,  effect  of,  on  sound,  51. 

Decay  of  sound,  17,  39;  Herschel 
on|l8;  in  speaking  tubes,  18. 

Deflection  of  sounds,  24;  in  water^ 
25. 

Denison  on  the  construction  of 
churches,  117. 

Dionysius,  ear  of,  150. 

Dissonant  intervals,  14 ;  Donaldson's 
(Professor)  rooms,  Edinburgh,  146. 

Drum  of  the  ear,  its  action  ex- 
plained, 20. 

Ear,  action  of  the  drum  of  the,  ex- 
plained, 20 ;  sounds  audible  to  the 
human,  13. 

Ear  of  Dionysius,  150. 

Echeia  described,  98 ;  value  of,  98. 


Echo  explained,  53 ;  destruction  of, 
by  stepped  seats.  47  ;  from  opposit* 
corners  of  a  room,  56  ;  explanation 
of  ditto,  56 ;  treatment  for  the  pre- 
vention of,  55. 

Echo  of  Girgenti,  150. 

Echo,  harmonic,  at  Killarney,  58. 

Elastic  bodies,  sound  produced  by 
the  vibration  of,  explained,  8. 

Elastic  materials,  resonance  of,  32, 
77. 

Elasticity  of  solids  defined,  16. 

Elliptical  ceilings,  advantage  of,  73. 

Exchanges,  buildings  in  which 
acoustic  defects  are  advantageous," 
136. 

Floral  Hall  described,  72. 

Flute,  action   of  the,  11 ;  effect  of 

the  holes,  11. 
Free  Trade  Hall,  Manchester,  138; 

dimensions,  139 ;  plan,  139. 

Galleries  of  chapels,  advantages  of, 

129. 
Galleries  of  churches,  position,  Ac, 

of,  116,  122. 
Girgenti,  echo  of,  150. 
Glass  structures,  acoustic  effect  of, 

149. 
Greek  theatres  described,  96. 

Hall,  Free  Trade,  Manchester,  138 ; 
Surrey  Music,  reflector  at  the,  68. 

Halls,  lecture,  acoustic  defects  of, 
135  ;  plans  for  remedying,  135. 

Halls,  public,  132;  difliculties  of 
constructing  large,  132  ;  form  most 
liable  to  acoustic  defects,  133 ; 
general  plan  of,  138 ;  methods  of 
remedying  the  defects  of  rectan- 
gular, 133. 

Haudel  Orchestra  at  the  Crystal 
Palace,  137,  149. 

Hard  surfaces,  reflection  of  sound 
by,  53. 

Harmonic  echo  at  Killarney,  68. 

Harmonies,  12,  85. 

Hassenfratz  on  the  action  of  the 
speaking  trumpet,  71. 

Hearing,  a  delicate  sense  of  touch,  4. 

Herschel  on  tlie  conduction  of  sound, 
26  ;  on  the  decay  of  sound,  18. 

Hollow  spaces,  value  of,  beneath  the 
floors  of  buildings,  110. 

Humidity  of  the  atmosphere  favour' 


INDEX. 


1G3 


able  to  th«  propagation  of  sound, 

26. 
Intensity  of  sound,  5. 
Intervals,  consonant,  13 ;  dissonant, 

14. 
•*  L-acoustic    curve,"  43 ;    cases    in 

which  it  ha.s  been  used,  44. 

Killarncy,  harmonic  echo  at,  58. 

Lach6z'3  arrangement  of  an  audi- 
tory, 42  ;  his  "  Isacoustic  curve," 
43 ;  its  dimensions,  44  n. ;  illustra- 
tions, 4r). 

Law  courts,  construction  of.  111. 

I^'Clnre  theatres,  acoustic  defects  of, 
135;  methods  of  remedying,  135  ; 
of  the  College  of  Physicians  de- 
scribed, 102  ;  of  the  Royal  Institu- 
tion, 102. 

Light,  analogy  between  the  motion 
of  sound  and  reHcction  of,  28,  29. 

Loudness  of  sound,  5. 

Low  proportions  advantageous  to 
sound,  41,  89. 

Marquees,  effect  of,  on  sound,  149. 
-Afenibrane,  Savart's  exploring,  31. 
.Met;U.i,  conduction  of  sound  by,  16. 
'•  Metropolitan  Tabernacle,"  146. 
Music  described,  7. 
Music,    difference    between    speech 

and,  8. 
Music-rooms,  arrangement  of,  147. 

Nodal  points,  11. 

Noise,  7. 

Noisy  character  of  badly-proportioned 

rooms,  86. 
"  Note  of  a  room,"  12. 

Obstacles  to  sound,  33;  that  are 
destructive  to  speaking  but  ad- 
vantageous to  music,  41. 

Obstacles  presented  by  buildings  to 
the  transmission  of  sound,  38; 
absorption,  39 ;  decay,  39 ;  echo, 
53 ;  obstruction,  42 ;  reverberation, 
50. 

Obstructions,  effect  of,  on  sound,  42 ; 
arrangements  to  overcome  the  in- 
convenience from,  42. 

Open  air,  distance  to  which  a  speaker 
can  be  heard  in  the,  33. 

Open-air  speaking,  ISaunders  on,  33. 

Orange,  ancient  theatre  at,  100. 

Orchestras,    construction    of,    151; 


Handel  Orchestra  at  the  Crjstai 

Palace,  137,  149. 
Organ  pipes,  motion  of  air  in,  10, 
Organs,  on    the    position   of,    127; 

Blomfield  on,  127. 

Parma,  Farnese  Theatre  describea. 
196. 

Penrose's  convex  reflection  in  St. 
Paul's  Cathedral,  66. 

Pipes,  production  of  sound  by  th« 
motion  of  air  in,  described,  10; 
examples,  11. 

Pitch,  7. 

Places  of  worship,  requirements  of, 
115. 

Pnyx  at  Athens,  101. 

Practical  application  of  acoustics  to 
architecture  nej^lected  in  works 
on  architecture.  2. 

Propagation  of  sound,  15 ;  sound 
transmitted  with  greater  rapidity 
through  metals  than  through  the 
the  atmosphere,  16 ;  by  water,  16  ; 
humidity  of  the  atmosphere  favour- 
able to  the,  26 ;  illustrations  of, 
18,  20. 

I'ublic  halls,  132 ;  difficulties  of  con- 
structing large,  132 ;  form  most 
liable  to  acoustic  defects,  133 ; 
general  plan  of,  138 ;  methods  of 
modifying  the  defects  of  rectan- 
gular, 133. 

Pulpits,  position  of,  in  churches, 
124,  129;  height  of,  125;  posi- 
tion of,  in  Scotch  Presbyterian 
churches,  130. 

Qualities  of  sound,  4. 

Radiation  of  sound,  form  of  buildin4 
most  favourable  to  the,  95. 

Ray  of  sound  defined,  19. 

Reading  desk,  position  of,  124. 

Reading  room  of  the  British  Museum, 
echo  from  the  dome  of,  55  ;  use  of 
soft  surfaces  to  absorb  sound  in 
the,  40. 

Reference,  works  of,  on  acoustics,  157; 
works  of,  on  bells,  160. 

Reflecting  surfaces,  61 ;  form  of,  61. 

Reflection  of  sound,  23,  29. 

Reflector,  Penrose's  convex,  under 
the  dome  of  St.  Paul's  Cathedral, 
66.  Blackburn's  parabolic,  erected 
in  Attercliff  Church,  62;  dimen- 
sions, 63;   objection    to  the,  64 
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Parabolic,  use  of,  to  prevent  the 
transmission  of  sound,  67. 

Beflector  plane,  advantages  of  the,  at 
the  Surrey  Music  Hall,  68. 

Reinforcement  of  sound  explained, 
29;  Pouillet  on,  31. 

Resonance,  73 ;  of  elastic  materials, 
32,  77 ;  of  air,  75,  77  ;  of  the  air 
contained  in  a  room,  83  ;  of  wooden 
linings,  79 ;  application  of  the 
principle  of,  to  buildings,  79. 

Resonant  materials,  80. 

Resonant  vases  of  the  Greeks  de- 
scribed, 98. 

Reverberation  explained,  50;  as  an 
obstacle  to  sound,  £0. 

Rhode  on  the  construction  of  thea- 
tres, 108;  on  the  destruction  of 
echo  by  stepped  seats,  47. 

Roman  theatres  described,  97. 

Roofs,  evils  of  high,  with  a  single 
span,  1 18 ;  advantage  of  exposing 
the  main  timbers  of  churches, 
119. 

Rooms,  best  guide  to  the  acoustic 
character  of,  152;  evil  of  erecting 
large  and  small,  on  the  same  floor, 
of  one  height,  147 ;  "  note  "  of,  12 ; 
proper  "note"  of  83  ;  plans  for 
remedying  the  acoustic  defects  of, 
136;  proportions  of,  most  advan- 
tageous to  the  propagation  of 
sound,  41 ;  resonance  of  the  air 
contained  in,  83 ;  shape  of,  for 
public  speaking,  89  ;  to  determine 
the  harmonic  proportion  of,  87. 

Rooms,  committee,  arrangement  of, 
147. 

Rooms,  music,  arrangement  of,  147. 

Rooms,  noisy  character  of  badly  pro- 
portioned, 86. 

Royal  Institution,  lecture  room  of 
the,  102. 

St.  James's,  Westminster,  121. 
St.  Martin's  Church  described,  73. 
,St.  Paul's,  reflector  erected  under  the 

dome  of,  66;  whispering  gallery 

of,  150. 
Saunders's  experiments  on  open-air 

speaking,  33. 
Savart's  experiments  on  sound,  31 ; 

his  exploring  membrane,  31. 
Seats,  arrangement  of,  in  buildings, 

42 ;  effect  of  stepped,  in  destroying 

echo,  47 


Sense  of  hearing  a  delicate  sense  of 
touch,  4. 

Simonetta,  echo  of  the  Villa  de,  58. 

Sirene,  construction  described,  12. 

Soft  surfaces,  the  absorption  of  sound 
by,  39. 

Sound  described,  4 ;  absorption  of, 
27;  conduction,  26;  connection  be- 
tween vibration  and,  15;  influence 
of  volume  and  intensity  on,  6 ;  in- 
tensity of,  5 ;  loudness  of,  5  ;  pro- 
duced by  the  vibrations  of  elastic 
bodies,  explained,  8 ;  produced  by 
the  vibration  of  a  column  of  air, 
12 ,  propagation  of,  15 ;  qualities 
of,  4 ;  reflection  of,  24,  29 ;  reflec- 
tion of,  by  hard  surfaces,  53  ;  rein- 
forcement of,  29 ;  volume  of,  5  ; 
wave  of,  described,  21. 

Sounding  boards,  126;  construction 
of,  127 ;  position  and  shape  of, 
127  ;  action  of,  in  churches,  40. 

Sounds  audible  to  the  human  ear, 
13. 

Sounds,  deflection  of,  24;  direction 
taken  by  undisturbed,  23;  unex- 
plained phenomena  of,  25. 

Speakers  and  singers  the  best  judges 
of  the  acoustic  qualities  of  a 
building,  153. 

Speaking,  shape  of  rooms  for  public, 
89. 

Speaking  trumpet,  action  of  the,  ex- 
plained, 70;  decay  of  sound  in, 
18. 

Speech,  8. 

Speed  of  sound,  17. 

Spurgeon's  Metropolitan  Tabernacle, 
146. 

Surrey  Music  Hall  described,  44. 

Sympathetic  vibrations,  described,  30. 

Tabernacle,  Metropolitan,  146. 
Tents,  deadening  effect  of,  on  sound, 

149. 
Theatre,  Argentine,  canal  under  the, 

110;  construction  of  Her  Majesty's, 

described,  108 ;  Farnese,  at  Parma, 

106. 
Theatres,  105 ;  Greek,  described,  96 ; 

proportions  of,  90;  requirements  of, 

115;  Rhode  on  the  construction  of, 

108. 
Theatres,  lecture,  101. 
Theatres,  Roman,  97. 
Theory  of  acoustics,  3. 
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Tune  of  sound  described,  5. 
Transepts,  effect  of,  on  sound,  123. 

I  'ndisturbed  sounds,  direction  taken 
by,  23. 

Vases,  resonant,  of  the  Greeks  de- 
scribed, 98. 

Velocity  of  sound,  17;  circumstances 
influencing,  17. 

Ventilation,  effect  of,  on  the  acoustic 
qualities  of  a  building,  49. 

N  ibration  and  sound,  connection  be- 
tween, 15. 

Violin,  action  of,  explained,  74. 

Volume  of  sound,  6. 

\^'alls,  reverberation  of  sound  from 

damp,  51. 
\^'ater,  analogy  between  the  motions 

of  sound  and,  28 ;  propagation  of 

sound  under,  16,  25. 
Water  and  light,  analogy  of,  with 

sound,  162. 


Wave  of  sound  defined,  19. 

Vi^heatstone's  experiments  on  sounds 
16,  36. 

Whispering  gallery  of  8t.  Paul'f 
Cathedral,  150 ;  conduction  of 
sound  by  the,  27. 

Windows,  to  render  sound  proof, 
151. 

Wood,  79 ;  use  of,  by  the  ancients  in 
buildings  for  public  speaking,  80. 

Wooden  linings,  resonance  of,  79  ; 
advantage  oi  being  in  long  lengths, 
148. 

Works  of  reference  on  acoustics,  157  ; 
on  bells,  160. 

Wren  (Sir  C.)  on  the  construction  of 
churches,  121 ;  on  the  number  of 
persons  that  can  see  and  hear  com- 
fortably in  churches,  35 ;  on  the 
distance  at  which  a  speaker  can  ba 
heard,  34. 

Wren's  (Sir  C.)  churches,  acoustic 
qualities  of,  122 ;  lecture  theatre  of 
the  College  of  Physicians,  102. 
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PHILADELPHIA,  1876. 
THE    PRIZE    MEDAL 

Was  awarded  to  the  Publishers  for 

Books :  Eudimentary,  Scientific, 
"WEALE'S  SERIES,"  ETC. 


A  NEW  LIST   OF 

WEALE'S    SERIES 

RUDIMENTARY  SCIENTIFIC,  EDUCATIONAL, 
AND  CLASSICAL. 

Comprising  nearly  Three  Hundred  and  Fifty  distinct  works  in  almost  every  de- 
partment of  Science,  Art^^nTl^ducanon^recommended  to  the  notice  of  Engineers, 
Architects,  Builders,  Artisans,  and  Students  fcenerally,  as  well  as  to  those  interested 
in  Workmen^s  Libraries,  Literary  and  Scientific  Institutions,  Colleges,  Schools, 
Science  Classes,  &*c.,  <2^V. 

tS"  "  WEALE'S  SERIES  includes  Text-Books  on  almost  every  branch  of 
Science  and  Industry,  comprising  such  subjects  as  Agriculture,  Architecture 
and  Building,  Civil  Engineering,  Fine  Arts,  Mechanics  and  Mechanical 
Engineering,  Physical  and  Chemical  Science,  and  many  miscellaneous 
Treatises.  The  whole  are  constantly  undergoing  revision,  and  new  editions, 
brought  up  to  the  latest  discoveries  in  scientific  research,  are  constantly 
issued.  The  prices  at  which  they  are  sold  are  as  low  as  their  excellence  is 
assured." — American  Literary  Gazette. 

"  Amongst  the  literature  of  technical  education,  Weale's  Series  has  ever 
enjoyed  a  high  reputation,  and  the  additions  being  made  by  Messrs.  Crosby 
LocKWOOD  &  Co.  render  the  series  even  more  complete,  and  bring  the  infor- 
mation upon  the  several  subjects  down  to  the  present  time." — Mining 
Journal. 

"It  is  impossible  to  do  otherwise  than  bear  testimony  to  the  value  of 
Weale's  Series."— Ew^'mcer. 

"Everybody — even  that  outrageous  nuisance  'Every  Schoolboy' — knows 
the  merits  of  •  Weale's  Rudimentary  Series.'  Any  persons  wishing  to 
acquire  knowledge  cannot  do  better  than  look  through  Weale's  Series  and 
get  all  the  books  they  require.  The  Series  is  indeed  an  inexhaustible  mine 
of  literary  wealth." — The  Metropolitan, 

"  WEALE'S  SERIES  has  become  a  standard  as  well  as  an  unrivalled 
collection  of  treatises  in  all  branches  of  art  and  science." — Public  Opinion. 


LONDON,  1862. 
THE  PRIZE  MEDAL 

Was  awarded  to  the  Publishers  of 

"WEALE'S  SERIES." 


CROSBY    LOCKWOOD    &    CO., 

7,  stationers'  HALL  COURT,   LUDGATE  HILL,   LONDON,   E.C. 


vveale's  rudimentary  series. 


WEALE'S   RUDIMENTARY   SCIENTIFIC   SERIES. 


%*  The  volumes  of  this  Series  are  freely  Illustrated  with 
Woodcuts,  or  otherwise,  where  requisite.  Throughout  the  fol- 
lowing List  it  must  be  understood  that  the  books  arc  bound  in 
limp  cloth,  unless  otherwise  stated;  but  the  volumes  marked 
•with  a  X  may  also  he  had  strongly  hound  in  cloth  boards  fordd. 
extra, 

N.B.—Tn  'ordering  from  this  List  it  is  recommended,  as  a 
means  of  facilitating  business  and  obviating  error,  to  quote  the 
numbers  affixed  to  the  volumes,  as  well  as  the  titles  and  prices. 


No.      ARCHITECTURE,  BUILDING,  ETC. 
i6.  ARCHITECTURE— ORDERS— Tht  Orders  and  their  Esthetic 
Principles.     By  W.  H.  Leeds.     Illustrated,     is.  6d. 

17.  ARCHITECTURE—STYLES— The  History  and  Description  of 

the  Styles  of  Architecture  of  Various  Countries,  from  the  Earliest   to  the 
Present  Period.     By  T.  Talbot  Buky,  F.R.I. B.A.,  &c.    Illustrated.    2s. 
*jf*  Orders  and  Styles  of  Architecture,  in  One  Vol.,  2>s.  bd. 

18.  ARCHITECTURE— DESIGN— The   Principles    of   Design    in 

Architecture,  as  deducible  from  Nature  and  exemplified  in  the  Works  of  the 
Greek  and  Gothic  Architects.  ByE.L.  Garbett,  Architect.  Illustrated.  2s.6d. 
•©•  The  three  preceding   Works,   in   One    handsome    Vol.,  half   bound,    entitled 
"Modern  Architecture,"  ^r/c^  65-. 

22.  'the  ART  OF  BUILDING,  Rudiments  of.     General  Principles 

of  Construction,  Materials  used  in  Building',  Strength  and  Use  of  Materials, 
Workings  Drawings,  Specifications,  and  Estimates.     By  E.  Dobson,  2s.J 

23.  BRICKS  AND  TILES,  Rudimentary  Treatise  on  the  Manufac- 

ture of;  containing  an  Outline  of  the  Principles  of  Brickmaking.  By  Edw. 
Dobson,  M.R.I.B. A.  With  Additions  by  C  Tomlinson,  F.R.S.  Illustrated,  3s.t 
25.  MASONRY  AND  STONECUTTING ;  in  which  the  Principles 
of  Masonic  Projection  and  their  application  to  the  Construction  of  Curved 
Wing- Walls,  Domes,  Oblique  Bridges,  and  Roman  and  Gothic  Vaulting, 
are  explained.    By  Edward  Dobson,  M.R.I.B. A.,  &c.    2s.  6d.t 

44.  FOUNDATIONS  AND  CONCRETE  «^0i?^^,  a  Rudimentary 

Treatise  on  ;  containing  a  Synopsis  of  the  principal  cases  of  Foundation 
Works,  with  the  usual  Modes  of  Treatment,  and  Practical  Remarks  on 
Footings,  Planking,  Sand,  Concrete,  Beton,  Pile-driving,  Caissons,  and 
Cofferdams.    By  E.  Dobson,  M.R.I.B. A.,  8cc.    Fifth  Edition,  revised,   is.  6d. 

42.  COTTAGE  BUILDING.      By  C.    Bruce    Allen,  Architect. 

Ninth  Edition,  revised  and  enlarged.    Numerous  Illustrations,     is.  6d. 

45.  LIMES,  CEMENTS,  MORTARS,  CONCRETES,  MASTICS, 

PLASTERING,  &c.    By  G.  R.  Burnell,  C.E.    Twelfth  Edition,     is.  6d. 
57.    WARMING  AND    VENTILATION,    a   Rudimentary  Treatise 
on;  being  a  concise  Exposition  of  the  General  Principles  of  the  Art  of  Wan" - 
ing  and  Ventilating  Domestic   and  Public  Buildings,  Mines,  Lighthouses, 
Ships,  &c.    By  Charles  Tomlinson,  F.R.S.,  &c.    Illustrated.    3s. 
83**.  CONSTRUCTION  OF  DOOR   LOCKS.     Compiled  from   the 
Papers  of  A.  C.  HoBBS,  Esq.,  of  New  York,  and  Edited  by  Charles  Tom- 
linson, F.R.S.     To  which  is  added,  a  Description  of  Fenby's  Patent  Locks, 
and  a  Note  upon  Iron  Safes  by  Robert  Mallet,  M.I.C.E.     Illus.    2s.  6d. 
III.  ARCHES,  PIERS,  BUTTRESSES,  d^c:  Experimental  Essays 

on  the  Principles  of  Construction  in  ;  made  uith  a  view  to  their  being  uselul 
to  the  Practical  Builder.     By  William  Bland.     Illustrated,     is.  6d, 
116.  THE   ACOUSTICS    OF    PUBLIC    BUILDINGS;    or,   The 

Principles  of  the  Science  of  Sound  applied  to  the  purposes  of  the'Architect  and 
Builder.    By  T.  Roger  Smith,  M.R.I.B.A.,  Architect.    Illustrated,    is.  6d. 

'^^  The  X  indicates  that  these  vols,  vtay  be  had  strongly  bound  at  dd.  extra. 
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Architecture,  Building,  etc.,  continued. 

[27.  ARCHirECTURAL  MODELLING  IN  PAPER,  the  Art  of. 
I3y  T.  A.  Richardson,  Architect.    Illustrated,    is.  6d. 

128.  VITRUVIUS—TIIE  ARCHITECTURE  OF  MARCUS 
VITRUVIUS  POLLO.  In  Ten  Books.  Translated  from  the  Latin  by 
JosKi'H  GwiLT,  F.S.A.,  F.R.A.S.    With  23  Plates.    58. 

130.  GRECIAN  ARCHITECTURE,  An  Inquiry  into  the  Principles 
of  lioauty  in  ;  with  an  Historical  View  of  the  Rise  and  Progress  of  the  Art  in 
Greece.     By  the  Earl  of  Aberdeen,    is. 
'♦*  The  two  preceding  IVorA-s  in  One  handsome  Vol.,  half  bound,  entitled  "Ancient 
Architecturb,"  price  ds. 

132.  DWELLING-HOUSES,  a  Rudimentary  Treatise  on  the  Erection 
of.  Illustrated  by  a  Perspective  View,  Plans,  Elevations,  and  Sections  of  a 
pair  of  Semi-detached  Villas,  with  the  Specification,  Quantities,  and  Esti- 
mates, and  every  requisite  detail,  in  sequence,  for  their  Construction  and 
Finishing.    By  S.  H.  Brooks,  Architect.    New  Edition,  with  Plates,    as.  6d.t 

1 56.  QUANTITIES  AND  MEASUREMENTS,  How  to  Calculate  and 
Take  them  in  Bricklayers',  Masons',  Plasterers',  Plumbers',  Painters',  Paper- 
hangers',  Gilders',  Smiths',  .Carpenters',  and  Joiners'  Work.  By  A.  C. 
Beaton,  Architect  and  Surveyor.  New  and  Enlarged  Edition.    Illus.    is.  6d. 

175.  LOCKWOOD  6-  CO:S  BUILDER'S  AND  CONTRACTOR'S 
PRICE  BOOK,  for  1883,  containing  the  latest  Prices  of  all  kinds  of  Builders' 
Materials  and  Labour,  and  of  all  Trades  connected  with  Building,  &c.,  &c. 
Edited  by  F.  T.  W.  Mili.ek,  Architect.     3s.  6d. ;  half  bound,  4s. 

182.  CARPENTRY  AND   JOINERY— Tki£.  Elementary   Prin- 

ciPi.HS  OF  Carpentry.  Chiefly  composed  from  the  Standard  Work  of 
Thomas  Tredgold,  C.E  With  Additions  from  the  Works  of  the  most 
Recent  Authorities,  and  a  TREATISE  ON  JOINERY  by  E.  Wyndham 
Tarn,  M.A.     Numerous  Illustrations.     3s.  6d.J 

r82«.  CARPENTRY  AND  JOINERY.      ATLAS  of  35  Plates  to 

accompanj'  the  above.    With  Descriptive  Letterpress,    dto.  6s.;  cloth,  7s.  6d. 

187.  HINTS  TO   YOUNG  ARCHITECTS.    By  George  AVight- 

WICK.  New,  Revised,  and  enlarged  Edition.  By  G.  Huskisson  Guillaume, 
Architect.      With  numerous  Woodcuts.    3s.  6d.t 

188.  HOUSE  PAINTING,  GRAINING,  MARBLING,  AND  SIGN 

WRITING :  A  Practical  Manual  of,  containing  full  information  on  the 
Processes  of  House-Painting,  the  Formation  of  Letters  and  Practice  of 
Sign-Writing,  the  Principles  of  Decorative  Art,  a  Course  of  Elementary 
Drawing  for  House-Painters,  Writers,  &c.,  &c.  With  9  Coloured  Plates  of 
Woods  and  Marbles,  and  nearly  150  Wood  Engravings.  By  Ellis  A. 
Davidson.    Third  Edition,  revised,     ss.  cloth  limp  ;  6s.  cloth  boards. 

189.  THE    RUDIMENTS    OF    PRACTICAL    BRICKLAYING. 

In  Six  Sections  :  General  Principles;  Arch  Drawing,  Cutting,  and  Setting- 
Pointing;  Paving,  Tiling,  Materials;  Slating  and  Plastering;  Practical 
Geometry,  Mensuration,  &c.     By  Adam  Hammond.     Illustrated,    is.  6d. 

191.  PL  UMBING.     A  Text-Book  to  the  Practice  of  the  Art  or  Craft  of 

the  Plumber.  With  Chapters  upon  House  Drainage,  embodying  the  latest 
Improvements.  Fourth  Edition,  revised  and  enlarged.  With  above  330 
Illustrations.    By  W.  P.  Buchan,  Sanitary  Engineer.    3s.  6d.t 

192.  THE   TIMBER   IMPORTER'S,  TIMBER  MERCHANTS, 

and  BUILDER'S  STANDARD  GUIDE.  By  Richard  E.  Grandy. 
Second  Edition,  Revised.     3s. t 

205.  THE  ART  OF  LETTER  PAINTING  MADE  EASY.      By 

J.  G.  Badhnoch.    Illustrated  with  12  full-page  Engravings  of  Examples,   is. 

206.  A  BOOK  ON  BUILDING,   Civil  and  Ecclesiastical,  including 

Church  Restoration.  With  the  Theorv  of  Domes  and  the  Great  PjTamid, 
^c.  By  Sir  Edmund  Beckett,  Bart.,  LL.D.,Q.C.,  F.R.A.S.  4s.  6d.1: 
226.  THE  JOINTS  MADE  AND  USED  BY  BUILDERS  in  the 
Construction  of  various  kinds  of  Engineering  and  Architectural  Works  (A 
Practical  Treatise  on).  With  especial  reference  to  those  wrought  by  Arti- 
ficers in  Erecting  and  Finishing  Habitable  Structures.  By  Wvvill  J. 
Christy,  Architect.    With  upwards  of  160  Engravings  on  Wood.    3s. t 

^g"  The  X  indicates  that  these  vols,  may  be  had  strongly  bound  at  6d.  extra, 
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Architecture,  Building,  etc.,  cotitmued. 

228.  THE  CONSTRUCTION  OF  ROOFS  OF  WOOD  AND  IRON 

(An  Elementary  Treatise  on).  Deduced  chiefly  from  the  Works  of  Robison, 
Tredgold,  and  Humber.    By  E.  Wyndham  Tarn,  M.A.,  Architect,     is.  6d 

229.  ELEMENTARY  DECORATION :    A  Guide  to  the  Simpler 

Forms  of  Everyday  Art,  as  applied  to  the  Interior  and  Exterior  Decoration 
of  Dwelling-Houses,  &c.  By  James  W.  Facby,  Jun.  Illustrated  with 
Sixty-eight  explanatory  Engravings.    2s. 

230.  HANDRAILING  (A  Practical  Treatise  on).     Showing  New  and 

Simple  Methods  for  finding  the  Pitch  of  the  Plank,  Drawing  the  Moulds, 
Bevelling,  Jointing-up,  and  Squaring  the  Wreath.  By  George  Collings. 
Illustrated  with  Plates  and  Diagrams,     is.  6d. 

BUILDING  ESTATES:  a  Treatise  on  the  Development,  Sale, 

Purchase,  and  General  Management  of  Building  Land.  With  Particulars 
of  the  Formation  of  Streets  and  Sewers,  and  the  Requirements  of  Sanitary 
Authorities.    By  F.  Maitland.  [/«  the  press. 

CIVIL  ENGINEERING,  ETC. 
219.  CIVIL  ENGINEERING.  By  Henry  Law,  M.Inst.  C.E. 
Including  a  Treatise  on  Hydraulic  Engineering  by  Geo.  R.  Burnell, 
M.Inst. C.E.  Sixth  Edition,  revised,  with  Large  Additions  on  Recent 
Practice  in  Civil  Engineering,  by  D.  Kinnear  Clark,  M.Inst.  C.E., 
Author  of"  Tramways  :  Their  Construction,"  &c.  6s.  6d.,  Cloth  boards,  7s.  6d. 

31.  WELLS  AND  WELL-SINKING.    By  John  Geo.  Swindell, 

A.R.I.B.A.,  and  G.  R.  Burnell,  C.E.  Revised  Edition.  With  a  New 
Appendix  on  the  Qualities  of  Water.    Illustrated.    2s.     [Just  Published. 

35.  THE  BLASTING  AND  QUARRYING  OF  STONE,  for 
Building  and  other  Purposes.  With  Remarks  on  the  Blowing  up  of  Bridges. 
By  Gen,  Sir  John  Burgoynk,  Bart.,  K.C.B.    Illustrated,    is.  6d. 

62.  RAILWAY  CONSTRUCTION,  Elementary  and  Practical  In- 
structions  on  the  Science  of.  By  Sir  M.  Stephenson,  C.E.  New  Edition, 
by  Edward  Nugent,  C.E.  With  Statistics  of  the  Capital,  Dividends,  and 
Working  of  Railways  in  the  United  Kingdom.  By  E.  D.  Chattaway.  4s. 
80*.  EMBANKING  LANDS  FROM  THE  SEA,  the  Practice  of. 
Treated  as  a  Means  of  Profitable  Employment  for  Capital.  With  Examples 
and  Particulars  of  actual  Embankments,  &c.    By  J.  Wiggins,  F.G.S.    as. 

81.  WATER  WORKS,  for  the  Supply  of  Cities  and  Towns.  With 
a  Description  of  the  Principal  Geological  Formations  of  England  as  in- 
fluencing Supplies  of  Water ;  and  Details  of  Engines  and  Pumping  Machinery 
for  raising  Water.    By  Samuel  Hughes,  F.G.S.,  C.E.    New  Edition,    ^s.% 

117.  SUBTERRANEOUS  SURVEYING,  an  Elementary  and  Prac- 

tical Treatise  on.  By  Thomas  Fenwick.  Also  the  Method  of  Conducting 
Subterraneous  Surveys  without  the  Use  of  the  Magnetic; Needle,  and  other 
Modem  Improvements.    By  Thomas  Baker,  C.E.    Illustrated,    zs.  6d.t 

118.  CIVIL  ENGINEERING  IN  NORTH  AMERICA,  a  Sketch 

of.    By  David  Stevenson,  F.R.S.E.,  &c.    Plates  and  Diagrams.    3s. 

197.  ROADS  AND  STREETS  {THE  CONSTRUCTION  OF), 
in  two  Parts :  I.  The  Art  of  Constructing  Common  Roads,  by  Henry 
\  Law,  C.E.,  revised  by  D.  K.  Clark,  C.E. ;  II.  Recent  Practice,  including 
pavements  of  Stone,  Wood,  and  Asphalte,  by  D.  K.  Clark.    4s.  6A..X 

203.  SANITARY  WORK  IN  THE  SMALLER  TOWNS  AND  IN 
VILLAGES.  Comprising : — i.  Some  of  the  more  Common  Forms  ol 
Nuisance  and  their  Remedies  ;  2.  Drainage  ;  3.  Water  Supply.  By  Charles 
Slagg,  A.I.C.E.    Second  Edition,  revised  and  enlarged.         [/«  the  press, 

212.  THE  CONSTRUCTION  OF  GAS-WORKS,  and  the  Manu- 

facture  and  Distribution  of  Coal  Gas.  Originally  written  by  Samuel 
Hughes,  C.E.  Sixth  Edition,  re-written  and  much  Enlarged  by  William 
Richards,  C.E.    With  72  Illustrations.    4s.  6d.J 

213.  PIONEER  ENGINEERING.     A  Treatise  on  the  Engineering 

Operations  connected  with  the  Settlement  of  Waste  Lands  in  New  Coun- 
tries.   By  Edward  Dobson,  Assoc.  Inst.  C.E.    4s.  6d.i: 

j^g^  7 he  t  indicates  that  these  vols,  may  be  had  strongly  bound  at  6d.  extra. 
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MECHANICAL   ENGINEERING,    ETC. 

33.  CRANES,  the  Construction  of,  and  other  Machinery  for  Raising 

Heavy  iJodies.    By  Joseph  Glynn,  F.R.S.    Illustrated,    is.  6d. 

34.  THE  STEAM  ENGINE.  By  Dr.  Lardner.   Illustrated.    is.6d. 
59.  STEAM  BOILERS :    their  Construction  and  Management.     By 

R.  Armstrong,  C.E.     Illustrated,     is.  Od. 
67.  CLOCKS,   WATCHES,  AND  BELLS,  a  Rudimentary  Treatise 

on.    liy  Sir  Edmund  Bhckett,  LL.D.,  Q.C  Seventh  Edition,  revised  and  en- 

l.irpcd.    4s.  6d.  limp;  5s.  6d.  cloth  boards.  [Justpublished. 

82.  7'nE  POWER  OF  WATER,  as  applied  to  drive  plour  Mills, 

and  to  pive  motion  to  Turbines,  &c.    By  Joseph   Glynn,  F.R.S.    2s.t 
98.  PRACTICAL  MECHANISM,  the  Elements  of;   and  Machine 

Tools.    By  T.  Bakrr,  C.E.    With  Additions  by  J.  Nasmyth,  C.E.    2s.  6d.t 
139.  THE  STEAM  ENGINE,  a  Treatise  on  the  Mathematical  Theory 

of,  with  Rules  and  Examples  for  Practical  Men.    By  T.  Baker,  C.E.    is.  6d. 
162.  THE   BRASS   FOUNDER'S    MANUAL;     Instructions     for 

Modelling,     Pattern-Making,    Moulding,     Turning,     Filing,     Burnishing, 

Bronzing,  &c.  'With  copious  Receipts,  &c.    By  Walter  Graham.    2s.t 

164.  MODERN  WORKSHOP  PRACTICE,  as  applied  to  ISIarine, 

Land,  and  Locomotive    Engines,   Floating    Docks,  Dredging    Machines, 
Bridges,  Cranes,  Ship-building,  &c.,  &c.  By  J.G.  Winton.   Illustrated.   3S.t 

165.  IRON  AND  HEAT,  exhibiting  the  Principles  concerned  in  the 

Construction  of  Iron  Beams,  Pillars,  and  Bridge  Girders,  and  the  Action  of 
Heat  in  the  Smelting  Furnace.     By  J.  Armour,  C.E.      2s.  6d.t 

166.  POWER  IN  MOTION :  Horse-Power,  Toothed- Wheel  Gearing, 

Long  and  Short  Driving  Bands,  and  Angular  Forces.  By  J.  Armour,  2s.6d.i 

167.  IRON   BRIDGES,     GIRDERS,    ROOFS,     AND     OTHER 

WORKS.    By  Francis  Campin,  C.E.    2s.  6d.* 
171.  THE      WORKMAN'S     MANUAL     OF    ENGINEERING 
DRAWING.    By  John  Maxton,  Engineer.    Fourth  Edition.    Illustrated 
with  7  Plates  and  nearly  350  Woodcuts.  3s.  6d4 

i^or STEAM  AND  THE  STEAM  ENGINE,  Stationary  and 
Portable.    By  John  Sewell  and  D.  K.  Clark,  M.I.C.E.    3s.  6d.t  : 

200.  FUEL,  its  Combustion  and  Economy.  By  C.  W.  Williams, 
With  Recent  Practice  in  the  Combustion  and  Economy  of  Fuel— Coal,  Coke, 
Wood,  Peat,  Petroleum,  &c.— by  D.  K.  Clark,  M.I.C.E.    3s.  6d.t 

202.  LOCOMOTIVE  ENGINES.  By  G.  D.  Dempsey,  C.E. ;  with 
large  additions  by  D.  Kinnear  Clark,  M.I.C.E.    3s,t 

211.  THE  BOILERMAKER'S  ASSISTANT  in  Drawing,  Tem- 
plating,  and  Calculating  Boiler  and  Tank  Work.  By  John  Courtney, 
Practical  Boiler  Maker.   Edited  by  D.  K.  Clark,  C.E.    100  Illustrations.  2s. 

216.  MATERIALS  AND  CONSTRUCTION ;    A  Theoretical  and 

Practical  Treatise  on  the  Strains,  Designing,  and  Erection  of  Works  of  Con- 
struction. By  Francis  Campin,  C.E.    3s. t 

217.  SEWING  MACHINERY :  Its  Constmction,  History,  &c.,  with 

full  Technical  Directions  tor  Adjusting,  &c.   By  J.  W.  Urquhart,  C.E.  2s.t 

223.  MECHANICAL    ENGINEERING.      Comprising  Metallurgy, 

; Moulding,  Casting,  Forging,  Tools,  Workshop  Machinery,  Manufacture  of 
the  Steam  Engine,  &c.    By  Francis  Campin,  C.E.    2s.  6d.t 

224.  COACH  BUILDING,    A   Practical    Treatise,    Historical    and 

Descriptive.    By  J.  W.  Burobss.    2s.  6d.t 

235.  PRACTICAL   ORGAN  BUILDING.      By  W.   E.   Dicksok, 

M.A.,  Precentor  of  Ely  Cathedral.    Illustrated.  2S.  6d.t 

236.  DETAILS    OF 'MACHINERY.      Comprising  Instructions  for 

the  Execution  of  various  Works  in  Iron  in  the  Fitting-Shop,  Foundry,  and 
Boiler- Yard.    By  Francis  Campin.'C.E.    3s.i  IJusi published. 

237.  THE  SMITHY  AND  FORGE;  including  the  Farrier's  Art  and 

CoachSmithing.  By  W.J.  E.  Crane.  Illustrated.  2s.6d,t  {Just  published. 

238.  THE  SHEET-METAL  WORKER'S  GUIDE;  a  Practical  Hand- 

book for  Tinsmiths,  Coppersmiths,  Zincworkers,  &c.    With  94  Diagrams  and 
Working  Patterns.    By  W.  J.  E.  Crane,     is.  6d.  {^Just published. 

%S^  The  X  indicates  that  these  vols,  may  be  had  strongly  bound  at  6d.  extra. 
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VVEALE  S    RUDIMENTARY   SERIES. 


SHIPBUILDING,    NAVIGATION,    MARINE 
ENGINEERING,   ETC. 

51.  NAVAL  ARCHITECTURE,  the  Rudiments  of;  or  an  Exposi- 

tion  of  the  Elementary  Principles  of  the  Science,  and  their  Practical  Appli- 
cation to  Naval  Construction.  Compiled  for  the  Use  of  JJeginncrs.  Ky 
James  Peake,  School  of  Naval  Architecture,  H.M.  Dockyard,  Portsmouth, 
Fourth  Edition,  corrected,  with  Plates  and  Diagrams,    3s,  6d.J 

53*.  SHIPS  FOR    OCEAN  AND  RIVER  SERVICE,  Elementary 

and  Practical  Principles  of  the  Construction  of.     By  Hakon  A,  Sommer- 
FELDT,  Surveyor  of  the  Royal  Norwegian  Nav}'.    With  an  Appendix,   is.  6d. 
53**.  AN  ATLAS  OF  ENGRA  VINGS  to  Illustrate  the  above.  Twelve 
large  folding  plates.    Royal  4to,  cloth.     7s.  6d. 

54.  MASTING,  MAST-MAKING,  AND  RIGGING  OF  SHIPS, 

Rudimentary  Treatise  on.  Also  Tables  of  Spars,  Rigging,  Pilocks;  Chain, 
Wire,  and  Hemp  Ropes,  &c.,  relative  to  every  class  of  vessels.  With  an 
Appendix  of  Dimensions  of  Masts  and  Yards  of  the  Royal  Navy.  By  Robert 
Kipping,  N. A.   Fifteenth  Edition.    Illustrated.     2s. t 

54*.  IRON  SHIP-BUILDING.  With  Practical  Examples  and  Details 
for  the  Use  of  Ship  Owners  and  Ship  Builders.  By  John  Grantham,  Con- 
sulting Engineer  and  Naval  Architect.  5th  Edition,  with  Additions,  4s, 
54**.  AN  ATLAS  OF  FORTY  PLATES  to  lUustrate  the  above. 
Fifth  Edition.  Including  the  latest  Examples,  such  as  H.M.  Steam  Frigates 
"Warrior,"  "Hercules,"  "  Bellerophon  ;  "  H.M.  Troop  Ship  "  Serapis," 
Iron  Floating  Dock,  &c.,  &c.    4to,  boards.    38s. 

55.  THE   SAILOR'S   SEA   BOOK:   a    Rudimentary   Treatise    on 

Navif^ation.  Part  I.  How  to  Keep  the  Log  and  Work  it  off.  Part  II,  On 
Finding  the  Latitude  and  Longitude,  By  James  Greenwood,  B,A.  To 
•which  are  added,  the  Deviation  and  Error  of  the  Compass  ;  Great  Circle 
Sailing;  the  International  (Commercial)  Code  of  Signals;  the  Rule  of  the 
Road  at  Sea;  Rocket  and  Mortar  Apparatus  for  Saving  Life;  the  Law  of 
Storms  ;  and  a  Brief  Dictionary  of  Sea  lerms.  With  numerous  Woodcuts 
and  Coloured  Plates  of  Flags,  New,  thoroughly  revised  and  much  enlarged 
edition.  By  W.  H.  Rosser,  2s.  6d.t 
80.  MARINE  ENGINES,  AND  STEAM  VESSELS,  a  Treatise 
on.  Together  with  Practical  Remarks  on  the  Screw  and  Propelling  Power, 
as  used  in  the  Royal  and  Merchant  Navy,  By  Robert  Murray,  C.E, 
Eighth  Edition,  re-written  by  H,  S,  Barron,  [/«  preparation. 

%llis.  THE  FORMS  OF  SHIPS  AND  BOATS:  Hints,  Experiment- 

ally  Derived,  on  some  of  the  Principles  regulating  Ship-building.  By  W, 
Bland,  Seventh  Edition,  revised,with  numerous  Illustrations  and  Models. is.6d, 

99,  NAVIGATION  AND  NAUTICAL  ASTRONOMY,  in  Theory 
and  Practice.  By  Professor  J,  R.  Young,  New  Edition,  including  the 
requisite  Elements  from  the  Nautical  Almanac  for  working  the  Problems. 
Illustrated,     2s.  6d,  [Just  published. . 

106.  SHIPS'  ANCHORS,  a.Tve2itise  on.   By  G.  Cotsell,  N,A.    is.6d. 

149.  SAILS  AND  SAIL-MAKING,  an  Elementary  Treatise  on. 
With  Draughting,  and  the  Centre  of  Effort  of  the  Sails.  Also,  Weights 
and  Sizes  of  Ropes  :  Masting,  Rigging,  and  Sails  of  Steam  Vessels,  &c.,  &c. 
Eleventh  Edition,  enlarged,  with  an  Appendix.  By  Robert  Kipping,  N.A., 
Sailmaker,  Quayside,  Newcastle,     Illustrated.     2S.  6d.t 

15c.   THE    ENGINEER'S    GUIDE    TO    THE    ROYAL    AND 
MERCANTILE  NAVIES.     By  a  Practical   Engineer.    Revised  by  D. 
F.  M'Carthy,  late  of  the  Ordnance  Survey  Office,  Southampton.    3s, 
55    PRACTICAL    NAVIGATION.       Consisting    of   The    Sailor's 
&       Sea-Book.     By  James  Greeiwvood  and  W,  H.  Rosser.     Together  with 
the  requisite  Mathematfcal  and  Nautical   Tables  for  the  Working   of    the 
^"t"     Problems.     By  Hknry  Law,  C.E.,  and  J.  R.  Young,  formerly  Professor  of 
Mathematics  in  Belfast  College.     Illustrated  with  numerous  AVood  Engrav- 
ings and  Coloured  Plates.     7s.     Strongly  half-bound  in  leather. _| 
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PHYSICAL    SCIENCE,    NATURAL    PHILO- 
SOPHY,  ETC. 

!.  C//EJI//S7'RV,  {or  the  Use  o{  Begimen.    By  Professor  George 

FowNKS,  F.R.S.      With  an  Appendix  on  the  Application  of  Chemistry  to 
Aerinilture.     is. 
z.  NATURAL  PHILOSOPHY,  Introduction  to  the  Study  of;  for 
the  Uso  of  Heginners.    Hy  C.  Tomunso.v,  Lecturer  on  Natural  Science  in 
King's  Coliene  School,  London.     Woodcuts,     is,  6d. 

\.  MINERALOGY,  Rudiments  of;  a  concise  View  of  the  Properties 
of  Minerals.    By  A.  Ramsay,  Jun.    Woodcuts  and  Steel  Plates,    js.t 

o.  MECHANICS,  Rudimentary  Treatise  on;  being  a  concise  Ex- 
position of  the  General  Principles  of  Mechanical  Science,  and  their  Applica- 
tions.    Hy  CiiARi.ES  ToMLiNSO.v.    Illustrated,     is.  6d. 

7  ELECTRICITY ;  showing  the  General  Principles  of  Electrical 
Science,  and  the  purposes  to  which  it  has  been  applied.  By  Sir  W.  SNfAV 
Harris,  F.R.S.,  &c.  With  Additions  by  R.  Sabine,  C.E.,  F.S.A.  is,  6d. 
7*.  GALVANISM,  Rudimentary  Treatise  on,  and  the  General  Prin- 
ciples of  Animal  and  Voltaic  Electricity.  By  Sir  W.  Snow  Harris.  New 
Edition,  with  considerable  Additions  by  Robert  Sabine,  C.E.,  F.S  A.    is.  6d. 

8.  MAGNETISM ;  being  a  concise  Exposition  of  the  General  Prin- 
ciples of  Mas:netical  Science,  and  the  Purposes  to  which  it  has  been  applied. 
By  Sir  W.  Snow  Harris.  New  Edition,  revised  and  enlarged  by  H.  M. 
NoAD,  Ph.D.,  Vice-President  of  the  Chemical  Society,  Author  of  "A 
Manual  of  Electricity,"  &c  ,  &c.    With  165  Woodcuts.    3s.  6d.t 

11.  THE  ELECTRIC  TELEGRAPH ;  its  History  and  Progiess; 

withDcscriptionsof  some  of  the  Apparatus.   ByR.  Sabinb,  C.E.,  F.S.A.    3s. 

12.  PNEUMATICS,    for    the    Use    of    Beginners.      By    Charle.s 

ToMLiNSON.    Illustrated,    is.  6d. 
72.  MANUAL  OF  THE  MOLLUSC  A  ;  a  Treatise  on  Recent  and 

Fossil  Shells.    By  Dr.  S.  P.  Woodward,  A.L.S.    Fourth  Edition.    With 

Appendix  by  Ralph  Tate,  A.L.S.,  F.G.S.     With  numerous  Plates  and  300 

Woodcuts.    6s.  6d.     Cloth  boards,  7s.  6d. 
'<)**.  PHOTOGRAPHY,  Popular  Treatise  on;   with  a  Description  of 

the  Stereoscope,  &c.    Translated  from  the  French  of  D.  Van  Monckhovin, 

by  W.  H.  Thornthwaite,  Ph.D.    Woodcuts,    is.  6d. 
c/..  ASTRONOMY.    By  the  late  Rev.  Robert  Main,  M.A,,  F.R.S., 

lormerly  RadclifFe   Observer  at   Oxford.     Third   Edition,   revised    to    the 
Present  Time.    By  William  Thynne  Lynn,  B.A.,  F.R.A.S.    2s. 
97.  STATICS  AND  DYNAMICS,  the  Principles  and  Practice  of; 
embracing  also  a  clear  development  of  Hydrostatics,  Hydrodynamics,  and 
Central  Forces.    By  T.  Baker,  C.E.    is.  6d. 

138.  TELEGRAPH,  Handbook  of  the;  a  Manual  of  Telegraphy, 
Telegraph  Clerks'  Remembrancer,  and  Guide  to  Candidates  for  Emnloy- 
ment  in  the  Telegraph  Ser\'ice.  By  R.  Bond.  Fourth  Edition,  revised  and 
enlarsrod  :  to  which  is  appended,  QUESTIONS  on  MAGNETISM,  ELEC- 
TRICITY, and  PRACTICAL  TEI-EGRAPHY,  for  the  Use  of  Students, 
by  W.  McGregor.  First  Assistant  Supnt,  Indian  Gov.  Telegraphs.    3S.t 

173.  PHYSICAL  GEOLOGY,  parOy  based  on  Major-General  Port- 
lock's  "Rudiments  of  Geology."  By  Ralph  Tate,  A.L.S.,  8cc.  Woodcuts.  2S. 

Vl.\.  HISTORICAL  GEOLOGY,  partly  based  on  Major-Gener.il 
Porti.ock's  "  Rudiments."   By  Ralph  Tate,  A.L.S.,  &c.   Woodcuts.  2s.  61I . 

173   RUDIMENTARY  TREATISE  ON  GEOLOGY,  Physical  and 

&  Historical.     Partly  based   on   Major-Gcncral  Portlock's  "  Rudiments  of 

174.  Geolog)'."    By  Ralph  Tate,  A.L.S.,  F.G.S.,  &c.    In  One  Volume.   4s.  6d.1 

183  ANIMAL  PHYSICS,  Handbook  of.     By  Dr.  Lardner,  D.C.L., 

&  formerly   Professor   of  Natural    Philosophy  and  Astronomy   in    University 

184.  College,  Lond.    With  520  Illustrations.    In  One  Vol.    7s.  6d.,  cloth  boards. 

^*  *^  Sold  also  in  Two  Paris,  as  follorvs  : — 

183.  Animal  Physics.    By  Dr.  Lardner.    Part  I.,  Chapters  I.— VII.    4s. 

184.  Animal  Physics.    By  Dr.  Lardner.    Part  II.,  Chapters  VIII.— XVIII.  3s. 

BS**  The  X  indicates  thai  these  vols,  may  be  had  strongly  bound  at  6d.  extra. 
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MINING,    METALLURGY,    ETC. 
117.  SUBTERRANEOUS  SURVEYING,  Elementary  and  Practica 

Treatise  on,  with  and  without  the  Magnetic  Needle.    By  Thomas  Fenwick, 
Surveyor  of  Mines,  and  Thomas  Baker,  C.E.     Illustrated.    2s.  6d.J 

133.  METALLURGY  OF  COPPER  ;  an  Introduction  to  the  Methods  , 

of  Seeking,  Mining,  and  Assaying  Copper,  and  Manufacturing  its  Alloys,  j. 
By  Robert  H.  Lamborn,  Ph.D.    Woodcuts.    2s.  6d.t  ^ 

134.  METALLURGY  OF  SILVER  AND  LEAD.     By  Dr.  R.  M 

Lamborn,    Woodcuts.    2S.  6d.|  ^B 

13s.  ELECTRO-METALLURGY ;  Practically  Treated.  By  Alex- 
ANUER  Watt,  F.R.S.S.A.  8th  Edition,  revised,  with  additional  Matter  and 
Illustrations,  including  the  most  recent  Processes.    3s.t    \_Just published. 

172.  MINING  TOOLS,  Manual  of.    For  the  Use  of  Mine  Managers, 
Agents,  Students,  &c.    By  William  Morgans.    2s.  6d.t 
1 72*   MINING  TOOLS,  ATLAS  of  Engravings  to  lUustrate  the  above, 
containing  23s  Illustrations,  drawn  to  Scale.    4to.    4s.  6d. ;  cloth  boards,  6s. 

176.  METALLURGY  OF  IRON.  Containing  History  of  Iron  Manu- 
facture. Methods  of  Assay,  and  Analyses  of  Iron  Ores,  Processes  of  Manu- 
facture of  Iron  and  Steel,  &c.  By  H.  Bauerman,  F.G.S.  5th  Edition, 
revised  and  enlarged.     ?s.t  [y us t  published. 

180.  COAL  AND  COAL  MINING,  A  Rudimentary  Treatise  on. 
By  Warington  W.  Smyth,  M.A.,  F.R.S.  Fifth  Edition,  revised  and 
enlarged.    With  numerous  Illustrations.    3s.  6d.t 

195.  THE  MINERAL  SURVEYOR  AND  VALUER'S  COM- 
PLETE  GUIDE,  with  new  Traverse  Tables,  and  Descriptions  of  Improved 
Instruments ;  also  the  Correct  Principles  of  Laying  out  and  Valuing  Mineral 
Properties.     By  William  Lintern,  Mining  and  Civil  Engineer.     3s.  6d.J 

214.  SLATE  AND  SLATE  ^Z7<4^i?F/A^^,  Scientific,  Practical,  and 

Commercial.     By  D.  C.  Davies,  F.G.S.,  Mining  Engineer,  &c.    3S.t 

215.  THE  GOLDSMITHS  HANDBOOK,  containing  full  Instruc- 
tions for  the  Alloying  and  Working  of  Gold.  By  George  E,  Gee,  Goldsmith 
and  Silversmith.  SecondEdition,  considerably  enlarged.  3S.t 

225.  THE  SILVERSMITHS  HANDBOOK,  containing  full  In- 
structions  for  the  Alloying  and  Working  of  Silver.    By  George  E.  Gee.   3s. t 

220.  MAGNETIC  SURVEYING,  AND  ANGULAR  SURVEY- 
ING,  with  Records  of  the  Peculiarities  of  Needle  Disturbances.  Compiled 
from  the  Results  of  carefully  made  Experiments.     By  W.  Lintern.    2S. 

FINE   ARTS. 

20.  PERSPECTIVE  FOR  BEGINNERS.      Adapted    to    Young 

•Students  and  Amateurs  in  Architecture,  Painting,  &c.   By  George  Pvne.  2s. 

40    GLASS  STAINING,  AND   THE  ART  OF  PAINTING  ON 
&4I.     GLASS.    From  the  German  of  Dr.  Gessert  and  Emanuel  Otto  From- 
BERG.    With  an  Appendix  on  The  Art  of  Enamelling.    2s.  6d. 

69.  MUSIC,  A  Rudimentary  and  Practical  Treatise  on.  With 
numerous  Examples.    By  Charles  Child  Spencer.    2s.  6d. 

71.  PIANOFORTE,  The  Art  of  Playing  the.     With  numerous  Exer- 
cises &  Lessons  from  the  Best  Masters.   By  Charles  Child  Spencer.    is.6d. 
69-71.  MUSIC  cy  THE  PIANOFORTE.    In  one  vol.    Half  bound,  ss. 

181.  PAINTING  POPULARLY  EXPLAINED,  including  Fresco, 
Oil,  Mosaic,  Water  Colour,  Water-Glass,  Tempera,  Encaustic,  Miniature, 
Painting  on  Ivor>-,  Vellum,  Potterj',  Enamel,  Glass.  &c.  With  Historical 
Sketches  of  the  Progress  of  the  Art  by  Thomas  John  Gullick,  assisted  by 
John  Timbs,  F.S.A.    Fourth  Edition,  revised  and  enlarged.    $5.% 

186.  A  GRAMMAR  OF  COLOURING,  applied  to  Decorative 
Painting  and  the  Arts.  By  George  Field.  New  Edition,  enlarged  and 
adapted  to  the  Use  of  the  Ornamental  Painter  and  Designer.  By  Ellis  A. 
Davidson.  With  two  new  Coloured  Diagrams,  &c.  3s.}: 
246.  A  DICTIONARY  OF  PAINTERS,  AND  HANDBOOK  FQR 
PICTURE  AMATEURS  ;  including  Methods  of  Painting,  Cleaning,  Re- 
lining  and  Restoring,  Schools  of  Painting,  &c.  With  Notes  on  the  Copyists 
and  Imitators  of  each  Master.    By  Philippe  Daryl.    2s.  6A..% 
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AGRICULTURE,  GARDENING,  ETC. 

131.  MILLER'S,  MERCHANTS,  AND  FARMER'S  READY 
RECKONER.    With  approximate  values  of  Millstones,  Millwork,  &c.    is. 

140.  SOILS,  MANURES,   AND   CROPS.    (Vol.   i.  Outlines  of 

Modern  Farming.)    By  R.  Scott  Rurn.    Woodcuts.    2s. 

141.  FARMING  &*  FARMING  ECONOMY,  Notes,  Historical  and 

Practical,  on.  (Vol.  2.  Outlines  of  Modern  Farming.)  By  R.  Scott  Burn.  3$. 

142.  STOCK;    CATTLE,    SHEEP,    AND    HORSES.      (Vol.    3. 

Outlines  of  Modern  Farming.)    By  R.  Scott  Burn.  Woodcuts.    2s.  6d, 

145.  DAIRY,  PIGS,   AND  POULTRY,   Management  of  the.     By 

R.  Scott  Burn.  With  Notes  on  the  Diseases  of  Stock.  (Vol.  4.  Outlines 
OF  Modern  Farming.)    Woodcuts.    2s. 

146.  UTILIZATION     OF     SEWAGE,      IRRIGATION,      AND 

RECLAMATION  OF  WASTE  LAND.    (Vol.  k.  Outlines  of  Modern 

Farming.)    By  R.  Scott  Burn.    Woodcuts.    2s.  6d. 
•^*  Nos.  140-1-2-5-6,  in  One  Vol.,  handsomely  half- bound,  entitled  "Outlines  of 
Modern  Farming."    By  Robert  Scott  Burn.    Price  12s. 
177.  FRUIT  TREES,  The  Scientific  and  Profitable  Culture  of.  From 

the  French  of  Du  Breuil.  Revised  by  Geo.  Glennv.  187  Woodcuts.  3s.  6d.t 
198.  SHEEP;  THE  HISTOR  Y,  STR  UCTURE,  ECONOMY,  AND 

DISEASES  OF.    By  W.  C.  Spooner,  M.R.V.C,  &c.    'Fourth  Edition, 

enlarged,  including  Specimens  of  New  and  Improved  Breeds.    3s.  6d.t 
201.  KITCHEN  GARDENING  MADE  EASY.      Showing  how  to 

prepare  and  lay  out  the  ground,  the  best  means  of  cultivating  every  known 

Vegetable  and  Herb,  &c.    By  George  M.  F.  Glenny.    is.  6d.t 

207.  OUTLINES  OF  FARM  MANAGEMENT,  and  the  Organi- 

zation  of  Farm  Labour:  Treating  of  the  General  Work  of  the  Farm  ;  Field 
and  Live  Stock ;  Details  of  Contract  Work ;  Specialities  of  Labour,  &c.,  &c. 
By  Robert  Scott  Burn.    2s.  6d.T 

208.  OUTLINES   OF  LANDED  ESTATES  MANAGEMENT: 

Treating  of  the  Varieties  of  Lands,  Methods  of  Farming,  Farm  Buildings, 
Irrigation,  Drainage,  &c.    By  R.  Scott  Burn.    2s.  6d.t 
•»•  Nos.  207  6-  208  in  One  Vol.,  handsomely  half-bound,  entitled  "  Outlines  of 
Landed  Estates  and  Farm  Management."    By  R.  Scott  Burn.    Price  6s. 

209.  THE   TREE   PLANTER  AND   PLANT  PROPAGATOR. 

A  Practical  Manual  on  the  Propagation  of  Forest  Trees,  Fruit  Trees, 
Flowering  Shrubs,  Flowering  Plants,  &c.     By  Samuel  W^ood.    2%.% 

210.  THE  TREE  PRUNER.    A  Practical  Manual  on  the  Pruning  of 

Fruit  Trees,  including  also  their  Training  and  Renovation  ;  also  the  Pruning 
of  Shrubs,  Climbers,  and  Flowering  Plants.    By  Samuel  Wood.    2s.t 
'«•  Nos.  209  <5v  210  in   One  Vol.,  handsomely  half-bound,  entitled  "The  Tree 
Planter,  Propagator,  and  Pruner."    By  Samuel  Wood.    Price  <^s, 

218.  THE  HA  Y  AND  STR  A  W  MEASURER  :  Being  New  Tables 
for  the  Use  of  Auctioneers,  Valuers,  Farmers,  Hay  and  Straw  Dealers,  &c., 
forming  a  complete  Calculator  and  Ready- Reckoner,  especially  adapted  to 
persons  connected  with  Agriculture.    Fourth  Edition.   By  John  Steele.   2s. 

222.  SUBURBAN  FARMING.  The  Laying-out  and  Cultivation  of 
Farms,  adapted  to  the  Produce  of  Milk,  Butter,  and  Cheese,  Eggs,  Poultry, 
and  Pigs.    By  Prof.  John  Donaldson  and  R.  Scott  Burn.    3s.  6d.t 

231.  THE  ART  OF  GRAFTING  AND  BUDDING.    By  Charles 

Baltet.     With  Illustrations.    2s.  6d.t  [Just  published. 

232.  COTTAGE  GARDENING;  or,  Flowers,  Fruits,  and  Vegetables 

for  Small  Gardens.    By  E.  Hobday,    is.  6d.  [Just published. 

233.  GARDEN  RECEIPTS.    Edited  by  Charles  W.  Qum.    is.6d. 

\Just  published. 

234.  THE   KITCHEN  AND  MARKET   GARDEN.      By  Con- 

tributors to  "  The  Garden."  Compiled  by  C.  W.  Shaw,  Editor  of  '*  Garden- 
ing Illustrated."     430  pp.     3S.I:  [Just  published. 

1^^  The  %  indicates  that  these  vols,  may  be  had  strongly  bound  at  td.  extra. 
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Agriculture,  Gardening,  etc.,  contmued. 

239.  DRAINING  AND  EMBANKING.     A  Practical  Treatise,  em- 

bodying- the  most  recent  experience  in  the  Application  of  Improved  Methods. 
By  John  Scott,  late  Professor  of  Agriculture  and  Rural  Economy  at  the 
Royal  Agricultural  College,  Cirencester.     With  68  Illustrations,     is.  6d. 

[Just  Published. 

240.  IRRIGA  TION  AND  WA  TER  SUPPL  Y.    A  Treatise  on  Water 

IMeadows,  Sewage  Irrigation,  Warping,  See. ;  on  the  Construction  of  Wells, 
Ponds,  and  Reservoirs  ;  and  on  Raising  Water  by  Machinery  for  Agricul- 
tural and  Domestic  Purposes.     By  Professor  John  Scott.    With  34  Illustra- 
tions.    IS.  6d.  \Just  published. 
*,*  Nos.  239  and  20,0  form  pari  qf  Scott's  "  Farm  Engineering  1  kxt-Books."    The 

following  Volumes,  completing^  the  Series,  are  in  active  preparation  : — 
Farm  Roads,  Fences,  and  Gates.  I  Farm  Buildings. 

Agricultural  Surveying, Levelling,&c.  I  Field  Implements  and  Machines. 
Barn  Impli-.ments  and  Machines. 

ARITHMETIC,    GEOMETRY,   MATHEMATICS, 

ETC. 

32.  MATHEMATICAL  INSTRUMENTS,  a  Treatise  on;  in  which 
their  Construction  and  the  Methods  of  Testing,  Adjusting,  and  Using  them 
are  concisely  Explained.      By  J.  F.  Heather,  M.A.,  of  the  Royal  Military 
Academy,  Woolwich.    Original  Edition,  in  i  vol..  Illustrated,     is,  6d. 
%*  In  ordering  the  above,  be  careful  to  say,  "  Original  Edition  "  (No.  32),  to  distin- 
guish it  from  the  Enlarged  Edition  in  3  vols.  {Nos.  168-9-70.) 

60.  LAND  AND  ENGINEERING  SURVEYING,  a  Treatise  on; 

with  all  the  Modern  Improvements.  Arranged  for  the  Use  of  Schools  and 
Private  Students  ;  also  for  Piactical  Land  Surveyors  and  Engineers.  By 
T.  Baker,  C.E.  New  Edition,  revised  by  Edward  Nugent,  C.E.  IIlus- 
tr.-ited  with  Plates  and  Diagrams.     2s. t 

ei''.  READY  RECKONER  FOR  THE  ADMEASUREMENT  OF 
LAND.    By  Abraham  Arman.    New  Edition,  revised  by  C.  Norris. 

[In  preparation. 
76.  DESCRIPTIVE  GEOMETRY,  an  Elementary  Treatise  on; 
with  a  Theory  of  Shadows  and  of  Perspective,  extracted  from  the  French  of 
G.  MoNGE.  To  which  is  added,  a  description  of  the  Principles  and  Practice 
of  Isometrical  Projection  ;  the  whole  being  intended  as  ain  introduction  to  the 
Application  of  Descriptive  Geometry  to  various  branches  of  the  Arts.  By 
J.  F.  Heather,  M.A.     Illustrated  with  14  Plates.    2s. 

178.  PRACTICAL    PLANE    GEOMETRY:    giving    the    Simplest 

Modes  of  Constructing  Figures  contained  in  one  Plane  and  Geometrical  Con- 
struction of  the  Ground.   By  J.  F.  Heather,  M.A.   AVith  215  Woodcuts.   2s. 

179.  PROJECTION :    Orthographic,    Topographic,    and  Perspective. 

By  J.  F.  Heather,  M.A.  [/«  preparation. 

*»*  The  above  three  volumes  7vill  form  a  Co^ivlrt^  Elementary  Course  of 
Mathematical  Drawing. 

83.  COMMERCIAL  BOOK-KEEPING.    With  Commercial  Phrases 

and  Forms  in  English,  French,  Italian,  and  German.  By  James  Haddon, 
M.A.,  Arithmetical  Master  of  King's  College  School,  London,     is.  6d. 

84.  ARITHMETIC,  a  Rudimentary  Treatise  on :  with  full  Explana- 

tions  of  its  Theoretical  Principles,  and  numerous  Examples  for  Practice.     By 
Professor  J.  R.  Young.    Tenth  Edition,  corrected,     is.  6d. 
84*.  A  Key  to  the  above,  containing  Solutions  in  full  to  the  Exercises,  together 
with    Comments,   Explanations,    and   Improved  Processes,  for  the   Use  of 
Teachers  and  Unassisted  Learners.     By  J.  R.  Young,     is.  6d. 

85.  EQUA  TIONAL  ARITHMETIC,  applied  to  Questions  of  Interest, 
8c*.    Annuities,  Life  Assurance,  and  General  Commerce  ;  with  various  Tables  by 

which  all  Calculations  may  be  greatly  facilitated.    By  W.  Hipsley.     2s. 

86.  ALGEBRA,    the    Elements    of.      By  James    Haddon,    M.A. 

With  Appendix,  containing  miscellaneous  Investigations,  and  a  Collection 
of  Problems  in  various  parts  of  Algebra.     2s. 
86*.  A  Key  and  Companion  to  the  above  Book,  forming  an  extensive  repositorj'  of 
Solved  Examples  and   Problems  in   Illustration  of  the  various  Expedients 

necessary  in  Algebraical  Operations.     By  J.  R.  Young,     is.  6d. 

gfe^  The  t  indicates  that  these  vols,  may  be  had  sti-ongly  bound  at  6d.  extra. 
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Arithmetic,  Geometry,  Mathematics,  etc.,  continued. 

88.  EUCLID,  The  Elements  of  :  with  many  additional  Propositions 

89.  and  Explanatory  Notes :  to  which  is  prefixed,  an  Introductory  Essay  on 
Logic.    Uy  Hknby  Law,  C.E.    2».  6d4 

•»*  Sold  also  separately,  viz.  ! —  ' 

88.  Euclid,  The  First  Three  nooks.    By  Henry  Law,  C.E.    ts.  6d. 

89.  Euclid,  Books  4,  5,  6,  11,  12.    By  Henry  Law,  C.E.    is.  6d. 

<^.  ANALYTICAL  GEOMETRY  AND  CONIC  SECTIONS, 
By  James  Hann.  'A  New  Edition,  re-written  and  enlarged  by  Professor 
J.  R.Young.    2s. t 

91.  PLANE    TRIGONOMETRY,   the    Elements    of.     By  Jamf.s 

Hann,  formerly  Mathematical  Master  of  King's  College,  London,     is.  6d. 

92.  SPHERICAL  TRIGONOMETRY,  the  Elements  of.    By  Jamks 

Hann.    Revised  by  Charles  H.  Dowling,  C.E.    is. 
%•  Or  with  "  The  Elements  of  Plane  lyizonometry,"  in  One  Volume,  is.  6d. 

93.  MENSURATION  AND  MEASURING,  for  Students  and  Prac- 

tical Use.  With  the  Mensuration  and  Levelling  of  Land  for  the  Purposes  of 
Modern  Engineering.  By  T.  Baker,  C.E,  New  Edition,  with  Corrections 
and  Additions  by  E.  Nugent,  C.E.     Illustrated,     is.  6d. 

102.  INTEGRAL   CALCULUS,  Rudimentary  Treatise  on  the.     By 

Homersham  Cox,  B.A.    Illustrated,    is. 

103.  INTEGRAL  CALCULUS,  Examples  on  the.    By  James  Hann, 

late  of  King's  College,  London.    Illustrated,    is. 
1 01.  DIFFERENTIAL  CALCULUS,  Elements  of  the.    By  W.  S.  B. 
WooLHOusK,  F.R.A.S.,  &c.     IS.  6d. 

105.  MNEMONICAL    Zi5".S5(9iV5.  —  Geometry,    Algebra,    and 

Trigonometry,  in  Easy  Mnemonical  Lessons.  By  the  Rev.  Thomas 
Phnyngton  Kirkman,  M.A.    is.  6d. 

136.  ARITHMETIC,  Rudimentary,  for  the  Use  of  Schools  and  Self- 

Instruction.    By  James  Haddon,  M.A.    Revised  by  A.  Arman.    is.  6d. 

137.  A  Key  to  Haddon's  Rudimentary  Arithmetic.    By  A.  Arman.    is.  6d. 

168.  DRAWING  AND  MEASURING  INSTRUMENTS.    Includ- 

ing— I.  Instruments  employed  in  Geometrical  and  Mechanical  Drawing, 
and  in  the  Construction,  Copying,  and  Measurement  of  Maps  and  Plans. 
II.  Instruments  used  for  the  purposes  of  Accurate  Measurement,  and  for 
Arithmetical  Computations.  By  J.  F.  Heather,  M.A.,  late  of  the  Royal 
Military  Academy  AVoolwich.    Illustrated,     is.  6d 

169.  OPTICAL  INSTRUMENTS.    Including  (more  especially)  Tele- 

scopes, Microscopes,  and  Apparatus  for  producing  copies  of  !Maps  and  Plans 
by  Photography.    By  J.  F.  Heather,  M.A.     Illustrated,     is.  6d. 

170.  SURVEYING    AND   ASTRONOMICAL    INSTRUMENTS. 

Including — I.  Instruments  Used  for  Determining  the  Geometrical  Features 
of  a  portion  of  Ground.   II.  Instruments  Employed  in  Astronomical  Observa- 
tions.   By  J.  F.  Heather,  M.A.    Illustrated,    is.  6d. 
*jf*  The  above  three  volumes  form  an  enlargement  of  the  Author's  original  Tvork, 
"  Mathematical  Instruments:  their  Construction,  Adjustment,  Testing,  atidUse," 
the  Thirteenth  Edition  ofzvhich  is  on  sale,  price  \s.  6d.  {See  A^'o.  32  in  the  Series.) 

x(,i.>.  MATHEMATICAL  INSTRUMENTS.    By  J.   F.  Heather, 

169.  \  M.A.  Enlarged  Edition,  for  the  most  part  entirely  re-written.  The  3  Parts  as 

170..)   above,  in  One  thick  Volume.   With  numerous  Illustrations.  4s.  6d.t 

158.  THE  SLIDE  RULE,  AND  HOW  TO   USE  IT;    containing 

full,  easy,  and  simple  Instructions  to  perform  all  Business  Calculations  with 

unexampled  rapidity  and  accuracy.      By  Charles  Hoare,  C.E.     With  a 

Slide  Rule  in  tuck  of  cover.     2s.  6d.t 

185.  THE  COMPLETE  MEASURER  ;  the  Measurement  of  Boards, 
Glass,  &c. ;  Unequal-sided,  Square-sided,  Octagonal-sided,  Round  Timber 
and  Stone,  and  Standing  Timber,  &c.  For  the  use  of  Timber-growers, 
Merchants,  and  Surveyors,  Stonemasons,  Architects,  and  others.  By 
Richard  Horton.     Fourth  Edition.     4s. ;  strongly  bound  in  leather,  "^s. 

196.  THEORY  OF  COMPOUND  INTEREST  AND  ANNUI- 
TIES;  with  Tables  of  Logarithms  for  the  more  Difficult  Computations  of 

Interest,  Discount,  Annuities,  &c.     By  Fi^dor  Thoman.     4s. t 

B^^  7 he  t  indicates  that  these  vols,  may  be  had  strongly  bound  at  6d.  extra, 
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Arithmetic,  Geometry,  Mathematics,  etc.,  continued. 
199.  INTUITIVE   CALCULATIONS;   or,  Easy  and    Compendious 

Methods  of  Performing  the  various  Arithmetical  Operations  required  in 
Commercial  and  Business  Transactions  ;  together  with  Full  Explanations  of 
Decimals  and  Duodecimals,  several  Useful  Tables,  &c.  By  Daniei. 
O'GoRMAN.  Twenty-fifth  Edition,  corrected  and  enlarged  by  J.  R.  Young, 
formerly  Professor  of  Mathematics  in  Belfast  College.     3s4 

204.  MATHEMATICAL  Z^^Z^^',  for  Trigonometrical,  Astronomical, 
and  Nautical  Calculations  ;  to  which  is  prefixed  a  Treatise  on  Logarithms. 
By  Henry  Law,  C.E.  Together  with  a  Series  of  Tables  for  Navigation 
and  Nautical  Astronomy.  By  J.  R.  Young,  formerly  Professor  of  Mathe- 
matics in  Belfast  College.    New  Edition.    3s.  6d.t 

221.  MEASURES,  WEIGHTS,  AND  MONEYS  OF  ALL  NA- 
TIONS,  and  an  Analysis  of  the  Christian,  Hebrew,  and  Mahometan 
Calendars.  By  W.  S.  B.  Woolhouse,  F.R.A.S.,  F.S.S.  Sixth  Edition, 
carefully  revised  and  enlarged.    2S.t 

227.  MATHEMATICS  AS  APPLIED  TO  THE  CONSTRUC- 
TIVE ARTS.  Illustrating  the  various  processes  of  Mathematical  Investi- 
fation,  by  means  of  Arithmetical  and  Simple  Algebraical  Equations  and 
'ractical  Examples ;  also  the  Methods  of  Analysing  Principles  and  De- 
ducing Rules  and  Formulae,  applicable  to  the  Reouireraents  of  Practice. 
By  Francis  Campin,  C.E.,  Author  of  "Materials  and  Construction,"  &c. 
Second  Edition,  revised  and  enlarged  by  the  Author.    3s.t   [Just  published. 


MISCELLANEOUS    VOLUMES. 

3b.  A  DICTIONARY  OF  TERMS  used  in  ARCHITECTURE, 
BUILDING,  ENGINEERING,  MINING,  METALLURGY,  ARC  MY- 
OLOGY, the  FINE  ARTS,  (sfc.  ByJoHNWEALE.  Fifth  Edition.  Revised 
by  Robert  Hunt,  F.R.S.,  Keeper  of  Mining  Records.  Numerous  Illus- 
trations, ss.  cloth  limp  ;  6s.  cloth  boards. 
50.  THE  LAW  OF  CONTRACTS  FOR  WORKS  AND  SER- 
VICES. By  David  Gibbons.  Third  Edition,  enlarged.  3s. J 
112.  MANUAL  OF  DOMESTIC  MEDICINE.    By  R.   Gooding, 

B.A.,   M.D.     Intended  as  a  Family  Guide  in  all   Cases  of  Accident   and 
Emergency.    Third  Edition.     2s.t 
112*.  MANAGEMENT  OF  HEALTH.     A  Manual  of  Home  and 

Personal  Hygiene.    By  the  Rev.  James  Baird,  B.A.    is. 
150.  LOGIC,  Pure  and  Applied.     By  S.  H.  Emmens.      is.  6d. 

153.  SELECTIONS    FROM    LOCKE'S     ESSAYS     ON     THE 

HUMAN  UNDERSTANDING.    With  Notes  by  S.  H.  Emmens.    2s. 

154.  GENERAL   HINTS  TO  EMIGRANTS.     Containing  Notices 

of  the  various   Fields  for  Emigration.      With   Hints   on   Preparation   for 
,  Emigrating,  Outfits,  &c.,  &c.    With   Directions  and  Recipes  useful   to  the 
'    Emigrant.    With  a  Map  of  the  World.    2s. 

157.  THE   EMIGRANT'S    GUIDE    TO    NATAL.      By  Robert 

James  Mann,  F.R.A.S.,  F.M.S.  Second  Edition,  carefully  corrected  to 
the  present  Date.    Map.    2s. 

193.  HANDBOOK  OF  FIELD  FORTIFICATION,  intended  for  the 

Guidance  of  Officers  Preparing  for  Promotion,  and  especially  adapted  to  the 
requirements  of  Beginners.  By  Major  W.  AV.  KNOLLYS,  F.R.G.S.,  93rd 
Sutherland  Highlanders,  &c.    With  163  Woodcuts.    3s.t 

194.  THE  HOUSE   MANAGER:  Being  a  Guide  to  Housekeeping. 

Practical  Cookery,  Pickling  and  Preserving,  Household  Work,  Dairy 
Management,  the  Table  and  Dessert,  Cellarage  of  Wines,  Home-brewing 
and  Wine-making,  the  Boudoir  and  Dressing-room,  Travelling,  Stable 
Economy,  Gardening  Operations,  &c.     By  An  Old  Housekeeper.    3s.  6d.4. 

194.  HOUSE  BOOK  {The).  Comprising  :— I.  The  House  Manager. 
112.      By  an  Old  Housekeeper.    II.  Domestic  Medicine.    By  Ralph  Gooding, 

n  *      M.D.    III.  Management  of  Health.    By  James  Baird.     In  One  Vol., 

^        strongly  half-bound.    6s. 
112*. 

l^he  X  indicates  that  these  vols,  vtay  be  had  strongly  bound  at  6d.  extra. 
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EDUCATIONAL  AND   CLASSICAL  SERIES. 

HISTORY. 

I.  England,  Outlines  of  the  History  of;  more  especially  with 

reference  to  the  Origin  and  Progress  of  the  English  Constitution.  By 
William  Douglas  Hamilton,  F.S.A..  of  Her  Majesty's  Public  Record 
Office.    4th  Edition,  revised.    5s. ;  cloth  boards,  6s. 

5.  Greece,  Outlines  of  the  History  of;  in  connection  with  the 

Rise  of  the  Arts  and  Civilization  in  Kurope.  By  W.  Douglas  Hamilton. 
of  University  College,  London,  and  Euward  Levien,  M.A.,  of  Ballioi 
College,  Oxford.    2S.  6d. ;  cloth  boards,  3s.  6d. 

7.  Rome,  Outlines  of  the  History  of:  from  the  Earliest  Period 

to  the  Christian  Era  and  the  Commencement  of  the  Decline  of  the  Empire. 
By  Edward  Levikn,  ol  Ballioi  College,  Oxford.  Map,  2s.  6d. ;  cl.  bds.  3s. 6d. 

9.  Chronology  of  History,  Art,  Literature,  and  Progress, 

from  the  Creation  ol  the  World  to  the  Conclusion  of  the  Franco-German  War. 
The  Continuation  by  W.  D.  Hamilton,  F.S.A.    3s. ;  cloth  boards,  3s.  6d. 

50.  Dates  and  Events  in  English  History,  for  the  use  of 

Candidates  in  Public  and  Private  Examinations.    By  the  Rev.  E.  Rand.    is. 


ENGLISH  LANGUAGE  AND  MISCELLANEOUS. 

11.  Grammar  of  the   English  Tongue,  Spoken  and  Written. 

With  an  Introduction  to  the  Study  of  Comparative  Philology.  By  Hydb 
Clarke,  D.C.L,  Fourth  Edition,  is.  6d. 
II*.  Philology  :  Handbook  of  the  Comparative  Philology  of  English, 
Anglo-Saxon,  Frisian,  Flemish  or  Dutch,  Low  or  Piatt  Dutch,  High  Dutch 
or  German,  Danish,  Swedish,  Icelandic,  Latin,  Italian,  French,  Spanish,  and 
Portuguese  Tongues.    By  Hyde  Clarke,  D.C.L.    is. 

12.  Dictionary  of  the  English    Language,  as  Spoken  and 

Written.  Containing  above  100,000  Words.  By  Hyde  Clarke,  D.C.L. 
3s.  6d. ;  cloth  boards,  4s.  6d. ;  complete  with  the  Grammar,  cloth  bds.,  5s.  6d. 

48.  Composition    and    Punctuation,   familiarly  Explained   for 

those  who  have  neglected  the  [Study  of  Grammar.  By  Justin  Brenan. 
17th  Edition,     is.  6d. 

49.  Derivative  Spelling-Book:  Giving  the  Origin  of  Every  Word 

from  the  Greek,  Latin,  Saxon,  German,  Teutonic,  Dutch,  French,  Sjjanish, 
and  other  Languages ;  with  their  present  Acceptation  and  Pronunciation. 
By  J.  RowBOTHAM,  F.R.A.S.    Improved  Edition,    is.  6d. 

51.  The  Art  of  Extempore  Speaking:  Hints  for  the  Pulpit,  the 

Senate,  and  the  Bar.  By  M.  Bautain,  Vicar-General  and  Professor  at  the 
Sorbonne.  Translated  from  the  French.  7th  Edition,  carefully  corrected.  2s.6d. 

52.  Mining  and  Quarrying,  with  the  Sciences  connected  there- 

with. First  Book  of,  for  Schools.  By  J.  H.  Collins,  F.G.S.,  Lecturer  to 
the  Miners'  Association  of  Cornwall  and  Devon,    is. 

53.  Places  and  Facts  in  Political  and  Physical  Geography, 

for  Candidates  in  Examinations.     By  the  Rev.  Edgar  Rand,  B.A.     is. 

54.  Analytical  Chemistry,  Qualitative  and  Quantitative,  a  Course 

of.    To  which  is  prefixed,  a  Brief  Treatise  upon  Modem  Chemical  Nomencla- 
ture and  Notation.    By  Wm.  W.  Pink  and  George  E.  Webster.    2s. 
THE    SCHOOL    MANAGERS'    SERIES   OF   READING 

BOOKS, 
Adapted  to  the  Requirements  of  the  New  Code.    Edited  by  the  Rev.  A.  R.  Grant, 
Rector  of  Hitcham,  and  Honorary  Canon  of  Ely ;  formerly  H.M.  Inspector 
of  Schools. 

Introductory  Primer,  3^. 


s.  d. 

First  Standard     .       .06 
Second      „  .        .    o  10 

Third         „  ..10 


f.     d. 

Fourth  Standard       .       ..12 

Fifth  „  ...16 

Sixth  „  ...16 

Lessons  from  the  Bible.    Part  I.    Old  Testament,    is. 

Lessons  from  the  Bible.     Part  II.     New  Testament,  to  which  is  added 

The  Geography  of  the  Bible,  for  very  younpr  Children.    By  Rev.  C. 

Thornton  Forster.     is.  2d.    %*  Or  the  Two  Parts  in  One  Volume.  2s. 
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14         weale's  educational  and  classical  series. 


FRENCH. 

24.  French  Grammar.     With  Complete  and  Concise  Rules  on  the 

Genders  of  French  Nouns.     By  G.  L.  Strauss,  Ph.D.     is.  6d. 

25.  French-English  Dictionary.     Comprising  a  large  number  of 

New  Terms  used  in  Engineering,  Mining,  &c.    By  Alfred  Elwes,    is.  6d. 

26.  English-French  Dictionary.    By  Alfred  Elwe.s.    2s. 
25,26.  French  Dictionary  (as  above).     Complete,  in  One  Vol.,  3s. ; 

cloth  boards,  3s.  6d.    %*  Or  with  the  Grammar,  cloth  boards,  4s.  6d. 

47.  French  and  English  Phrase  Book  :  containing  Intro- 
ductory Lessons,  with  Translations,  several  Vocabularies  of  Words,  a  Col- 
lection of  suitable  Phrases,  and  Easy  Familiar  Dialogues,    is.  6d. 

GERMAN. 

39.  German  Grammar.      Adapted    for    English    Stud/ents,   from 

Heyse's  Theoretical  and  Practical  Grammar,  by  Dr.  G.  L.  Strauss,     is 

40.  German  Reader :   A  Series  of  Extracts,  carefully  culled  from  the 

most  approved  Authors  of  Germany ;  with  Notes,  Philological  and  Ex- 
planatory.    By  G.  L.  Strauss,  Ph.D.    is. 

41-43.  German  Triglot  Dictionary.     By  Nicholas   Esterhazy 

S.  A.  Hamilton.  In  Three  Parts.  Part  I.  German-French-English. 
Part  II.  English-German-Freqch.  Part  III.  French-German-English. 
3s.,  or  cloth  boards,  4s. 

41-43  German  Triglot  Dictionary  (as  above),  together  with  German 

Sc  39.      Grammar  (No.  39),  in  One  Volume,  cloth  boards,  5s. 


ITALIAN. 

27.  Italian  Grammar,  airanged  in  Twenty  Lessons,  with  a  Course 

of  Exercises.    By  Alfred  Elwes.     is.  6d. 

28.  Italian  Triglot   Dictionary,  wherein  the  Genders  of  all  the 

Italian  and  French  Nouns  are  carefully  noted  down.  By  Alfred  Elwes. 
Vol.1.  Italian-English-French.     2s.  6d. 

30.  Italian    Triglot    Dictionary.      By  A.  Elwes.      Vol.   2. 

English-French-Italian.     2S.  6d. 

32.  Italian  Triglot  Dictionary.     By  Alfred  Elwes.    Vol.  3. 

French-Italian-English.    2s.  6d. 

iS,30,  Italian  Triglot  Dictionary  (as  above).    In  One  Vol.,  7s.  6d. 

32.      Cloth  boards. 

SPANISH  AND  PORTUGUESE. 

34.  Spanish  Grammar,  in  a  Simple  and  Practical  Form.     With 

a  Course  of  Exercises.    By  Alfred  Elwes.     is.  6d. 

35.  Spanish-English    and    English-Spanish     Dictionary. 

Including  a  large  number  of  Technical  Terms  used  in  Mining,  Engineering,  &c., 
with  the  proper  Accents  and  the  Gender  of  every  Noun.  By  Alfred  Elwes. 
4s.  ;  cloth  boards,  5s.    %*   Or  with  the  Grammar,  cloth  boards,  6s. 

55.  Portuguese    Grammar,   in    a  Simple  and  Practical    Form, 

With  a  Course  of  Exercises.     By  Alfred  Elwes.     is.  6d. 

56.  Portuguese-English    and    English-Portuguese    Dic- 

tionary, with  the  Genders  of  each  Noun.    By  Alfred  Elwes. 

[/«  the  ^ress. 

HEBREW. 
46*.  Hebre^wr  Grammar.    By  Dr.  Bresslau.     is.  6d. 
44.  Hebrew  and  English  Dictionary,  Biblical  and  Rabbinical ; 

containing  the  Hebrew  and  Chaldee  Roots  of  the  Old  Testament  Post- 
Rabhinical  Writings.  By  Dr.  Bresslau.  6s. 

46.  English  and  Hebrew  Dictionary.    By  Dr.  Bresslau.    3s. 
H146.  Hebrew  Dictionary  (as  above),  in  Two  Vols.,  complete,  with 

46*.      the  Grammar,  cloth  boards,  12s. 
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weale's  educational  and  classical  series.         is 
^  LATIN. 

19.  Latin  Grammar.     Containing  the  Inflections  and  Elementary 

Principles  of  Transhation  and  Construction,  liythc  Rev.  Thomas  Goodwin, 
M.A.,  Head  Master  of  the  Greenwich  Proprietary  School,     is. 

20.  Latin-English  Dictionary.  By  the  Rev.  Thomas  GooDwm, 

M.A.      2S. 

:^2.  English-Latin    Dictionary;   together  with  an  Appendix  of 

French  and  Italian  Words  which  have  their  origin  from  tho  Latin.     Ky  tho 
Rev.  Tn(\MAS  Gooinvi.v,  M.A.    is.  6d. 
20,22.  Latin  Dictionary  (as  above).    Complete  in  One  Vol.,  3s.  6d. ; 
cloth  hoards,  4s.  Cd.    %•  Or  with  the  Grammar,  cloth  boards,  58.  6d.    . 

LATIN  CLASSICS.     With  Explanatory  Notes  in  English. 

1.  Latin  Delectus.     Containing  Extracts  from  Classical  Authors, 

with  Gencalo^i^ical  Vocabularies  and  Explanatory  Notes,  by  H.  Young,  is.  6d. 

2.  Caesaris  Commentarii  deBello  Galileo.  Notes,  and  a  Geographical 

Register  for  the  Use  of  Schools,  by  H.  Young.    2s. 

3.  Cornelius  Nepos.    With  Notes.    By  H.  Young,    is. 

4.  Yirgilii  Maronis  Bucolica  et  Georgica.  With  Notes  on  the  Buco- 

lics by  W.  RusHTON,  M.A.,  and  on  the  Georgics  by  H.  Young,    is.  6d. 

5.  Virgilii  Maronis  ^neis.     With  Notes,  Critical  and  Explanatory, 

by  H.  Young.  New  Edition,  revised  and  improved.  With  copious  Addi- 
tional Notes  by  Rev.  T.  H.  L.  Learv,  D.C.L.,  lonnerly  Scholar  of  Brasenose 
College,  0.\ford.     3s. 

5» Tart  i.     Books  i.— vi.,  is.  6d. 

■;«»  Part  2.     Books  vii.— xii.,  2S. 


6.  Horace ;   Odes,   Epode,  and  Carmen  Sseculare.     Notes  by  H. 

Young,    is.  6d. 

7.  Horace;  Satires,  Epistles,  and  Ars  Poetica.  Notes  by  W.  Brown- 

rigg  Smith,  M.A.,  F.R.G.S.    is.  6d. 

8.  Sallustii  Crispi  Catalina  et  Bellum  Jugurthinum.   Notes,  Critical 

and  Explanatory,  by  W.  M.  Donne,  B.A.,  Trin.  Coll.,  Cam.    is.  6d. 

9.  Terentii  Andria  et  Heautontimorumenos.     With  Notes,  Critical 

and  Explanatory,  by  the  Rev.  James  Da  vies,  M.A.    is.  6d. 

10.  Terentii  Adelphi,  Hecyra,  Phormio.   Edited,  with  Notes,  Critical 

and  Explanatory,  by  the  Rev.  James  Da  vies,  M.A.    2s. 

1 1.  Terentii  Eunuchus,  Comoedia.    Notes,  by  Rev.  J.  Davies,  M.A. 

is.  6d. 

12.  Ciceronis  Oratio  pro  Sexto  Roscio  Amerino.     Edited,  with  an 

IntroduQtion,  Analysis,  and  Notes,  Explanatory  and  Critical,   by  the  Rev. 
James  Davies,  M.A.    is.  6d. 

13.  Ciceronis    Orationes    in    Catilinam,   Verrem,    et    pro    Archia. 

With  Introduction,  Analysis,  and  Notes,  Explanatory  and  Critical,  by  Rev. 
T.  H.  L.  Lbary,  D.C.L.  formerly  Scholar  of  Brasenose  College,  Oxford. 
IS.  6d. 
t.].  Ciceronis  Cato  Major,  Laelius,  Brutus,  sive  de  Senectute,  de  Ami- 
citia,  de  Claris  Oratoribus  Dialog!.  AVith  Notes  by  W.  Brosvnrigg  Smith, 
M.A.,  F.R.G.S.    28. 

16.  Livy  :  History  of  Rome.  Notes  by  H.  YouNG  and  W.  B.  Smith, 

M.A.     Part  i.    Books  i.,  ii.,  is.  6d. 
i6». Part  2.    Books  iii.,  iv.,  v.,  is.  6d. 

17.  Part  3.    Books  xxi.,  xxii.,  is.  6d. 

19.  Latin  Verse  Selections,  from  Catullus,  Tibnllus,  Propertius, 

and  Ovid.   Notes  by  W.  B.  Donne,  M.A.,  Trinity  College,  Cambridge.    2s. 

20.  Latin  Prose    Selections,   from  Varro,   Columella,   Vitruvius, 

Seneca,  Quintilian,  Floras,  Velleius  Paterculus,  Valerius  Maximus  Sueto- 
nius, Apuleius,  &c.     Notes  by  W.  B.  DoNriE,  M.A.    2s. 

21.  Juvenalis  Satiroe.     With  Prolegomena  and  Notes  by  T.  H.  S, 

EscoTT,  B.A.,  Lecturer  on  Logic  at  King's  College,  London.    2S. 

7,   stationers'   hall  COURT,   LUDGATE   HILL,   E.G. 


i6        weale's  educational  and  classical  series. 
GREEK. 

14.  Greek  Graxnmar,  in  accordance  with  the  Principles  and  Philc 

logical  Researches  of  the  most  eminent  Scholars  of  our  own  day.    By  HanS 
Claude  Hamilton,    is.  6d. 
£5,17.  Greek  Lexicon.  Containing  all  the  Words  in  General  Use,  with 

their  Significations,  Inflections,  and  Doubtful  Quantities.  By  Hbnry  R. 
Hamilton.  Vol.  i.  Greek-English,  2s.  6d. ;  Vol.  2.  English- Greek,  2i.  Oi 
the  Two  Vols,  in  One,  4s.  6d. :  cloth  boards,  5s. 

14,15.  Greek  Lexicon  (as  above).    Complete,  with  the  Grammar^  in 

17.  One  Vol.,  cloth  boards,  6s. 

GREEK  CLASSICS.    With  Explanatory  Notes  in  English. 
I.  Greek  Delectus.     Containing  Extracts  from  Classical  Authors, 

with  Genealogical  Vocabularies  and  Explanatory  Notes,  byH.  Young.  New 
Edition,  with  an  improved  and  enlarged  Supplementary  Vocabulary,  by  John 
Hutchison,  M.A.,  of  the  High  School,  Glasgow,  is.  6d. 
2,3.  Xenophon's  Anabasis  j  or,  The  Retreat  of  the  Ten  Thousand. 
Notes  and  a  Geographical  Register,  by  H.  Young.  Part  i.  Books  i.  to  iii., 
IS.    Part  2.  Books  iv.  to  vii.,  is. 

4.  Lucian's  Select  Dialogues.    The  Text  carefully  revised,  with 

Grammatical  and  Explanatory  Notes,  by  H.  Young,    is.  6d. 

5-12.  Homer,  The  Works  of.    According  to  the  Text  of  Baeumlein. 

With  Notes,   Critical   and  Explanatory,    drawn  from   the  best  and  latest 
Authorities,  with  Preliminary  Observations  and  Appendices,  by  T.  H.  L. 
Leary,  M.A.,  D.C.L. 
The  Iliad  :         Part  i.  Books  i.  to  vi.,  is.6d.        Part  3.  Books  xiii,  to  xviii.,  is.  6d. 
Part  2.   Booksvii.toxii.,  is.6d.       Part  4.   Books  xix.  to  xxiv.,  is.  6d. 
Thb  Odyssey  :   Part  i.   Books  i.  to  vi.,  is.  6d         Part  3.   Books  xiii.  to  xviii.,  is.  6d. 
Part  2.   Booksvii.toxii.,  IS. 6d.       Part  4.   Books  xix.   to  xxiv.,   and 
Hymns,  2s. 
13.  Plato's  Dialogues :    The  Apology  of  Socrates,  the  Crito,  and 
the  Phaedo.    From  the  Text  of  C.  F.  Hermann.    Edited  with  Notes,  Critical 
and  Explanatory,  by  the  Rev.  James  Davies,  M.A.    2s. 
14-17.  Herodotus,  The  History  of,  chiefly  after  the  Text  of  Gaisford. 
With  Preliminary  Observations  and  Appendices,  and  Notes,  Critical  and 
Explanatory,  by  T.  H.  L.  Leary,  M.A.,  D.C.L. 

Part  I.    Books  i.,  ii.  (The  Clio  and  Euterpe),  2S. 

Part  2.    Books  iii.,  iv.  (The  Thalia  and  Melpomene),  2S.       ' 

Part  3.    Books  v.-vii.  (The  Terpsichore,  Erato,  and  Poljonnia),  as. 

Part  4.    Books  viii.,  ix.  (The  Urania  and  Calliope)  and  Index,  is.  6d. 

18.  Sophocles:  CEdipus  Tyrannus.    Notes  by  H.  Young,     is. 

20.  Sophocles:    Antigone.    From  the  Text  of  Dindorf.     Notes, 

Critical  and  Explanatory,  by  the  Rev.  John  Milner,  B.A.    2S. 

23.  Euripides :  Hecuba  and  Medea.  Chiefly  from  the  Text  of  Din- 
dorf. With  Notes,  Critical  and  Explanatory,  by  W.  Brownrigg  Smith, 
M.A.,  F.R.G.S.    IS.  6d. 

26.  Euripides :  Alcestis.    Chiefly  from  the  Text  of  Dindorf.  With 

Notes,  Critical  and  Explanatory,  by  John  Milner,  B.A.    is.  6d. 

30.  .^schylus  :  Prometheus  Vinctus  :  The  Prometheus  Bound.  From 
the  Text  of  Dindorf.  Edited,  with  English  Notes,  Critical  and  Explanatory, 
by  the  Rev.  James  Davies,  M.A.    is. 

32.  .^schylus :  Septem  Contra  Thebes :  The  Seven  against  Thebes. 
From  the  Text  of  Dindorf.  Edited,  with  English  Notes,  Critical  and  Ex- 
planatory, by  the  Rev.  James  Davies,  M.A.    is. 

40.  Aristophanes :   Achamians.    Chiefly  from  the  Text  of  C.  H. 

Weise.    With  Notes,  by  C.  S.  T.  Townshend,  M.A.    is.  6d. 

41.  Thucydides:  History  of  the  Peloponnesian  War.    Notes  by  H. 

Young.    Book  i.    is. 

42.  Xenophon's  Panegyric  on  Agesilaus.    Notes  and  Intro- 

duction  by  Ll.  F.  W.  Jewitt.    is.  6d.  ,     .      ^,  .,.      . 

'  43.  Demosthenes.  The  Oration  on  the  Crown  and  the  Philippics. 
With  English  Notes.  By  Rev.  T.  H.  L.  Leary,  D.C.L.,  formerly  Scholar  of 
Braseaose  College,  Oxford,    is.  6d. 
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%  Catabgwe  of  §o0hs 

INCLUDING    MANY    NEW    AND    STANDARD    WORKS   IN 

ENGINEERING,  ARCHITECTURE,  AGRICULTURE, 
MATHEMATICS,   MECHANICS,   SCIENCE,   ETC. 
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ENGINEERING,   SURVEYING,   ETC. 

Humbers  Work  on  Water-Supply. 

A  COMPREHENSIVE  TREATISE  on  the  WATER-SUPPLY 
of  CITIES  and  TOWNS.  By  William  Humber,  A.-M.  Inst. 
C.E.,  and  M.  Inst.  M.E.  Illustrated  with  50  Double  Plates, 
I  Single  Plate,  Coloured  Frontispiece,  and  upwards  of  250  Wood- 
cuts, and  containing  400  pages  of  Text.  Imp.  4to,  6/.  6j.  elegantly 
and  substantially  half-bound  in  morocco. 

List  of  Contents : — 


I.  Historical  Sketch  of  some  of  the 
means  tliat  have  been  adopted  for  the 
Supply  of  Water  to  Cities  and  Towns. — 
II.  Water  and  the  Foreign  Matter  usually 
associated  with  it. — III.  Rainfall  and 
Evaporation. — IV.  Springs  and  the  water- 
beanng  formations  of  various  districts. — 
V.  Measurement  and  Estimation  of  the 
Flow  of  Water.— VI.  On  the  Selection  of 
the  Source  of  Supply.— VII.  Wells.— 
VIII.  Reservoirs. — IX.  The  Purification 
of    Water. — X.    Pumps. — XI.    Pumping 


Machinery.— XII.  Conduits.— XIII,  Dis- 
tribution of  Water.— XIV.  Meters,   Ser- 
vice Pipes,  and  House  Fittings. — XV.  The 
Law  and   Economy  of  Water   Works. — 
XVI.  Constant  and  Intermittent  Supply. 
— XVII.  Description  of  Plates. — Appen- 
dices, giving  Tables  of  Rates  of  Supply, 
Velocities,  &c.  &c.,  together  with  Specifi- 
cations of  several  Works  illustrated,  among 
which  will  be  found : — Aberdeen,  Bideford, 
Canterbury,  Dundee,  Halifax,  Lambeth, 
Rotherham,  Dublin,  and  other.'. 
"  The  most  systematic  and  valuable  work  upon  water  supply  hitherto  produced  in 
English,  or  in  any  other  language  ....  Mr.  Humber's  work  is  characterised  almost 
throughout  by  an  exhaustiveness  much  more  distinctive  of  French  and  German  than 
of  English  technical  treatises." — Engineer. 

Humberts  Work  on  Bridge  Cons trtcc Hon. 

A  COMPLETE  and  PRACTICAL  TREATISE  on  CAST  and 
WROUGHT-IRON  BRIDGE  CONSTRUCTION,  mcludmg 
Iron  Foundations.  In  Three  Parts — Theoretical,  Practical,  and 
Descriptive.  By  William  Humber,  A.  -M.  Inst.  C.E.,  and  M.  Inst 
M.  E.  Third  Edition,  with  1 1 5  Double  Plates.  In  2  vols.  imp.  4to, 
6/.  i6j.  6d.  half-bound  in  morocco. 
"  A  book — and  particularly  a  large  and  costly  treatise  like  Mr.  Humber's — which 

has   reached  its   third   edition   may  certainly  be  said  to  have  established  its  own 

reputation. " — En^'neering. 

B 


WORKS   IN   ENGINEERING,    SURVEYING,    ETC., 


Humbers  Modern  Engineering, 

A  RECORD  of  the  PROGRESS  of  MODERN  ENGINEER- 
ING.  First  Series.  Comprising  Civil,  Mechaiiical,  Marine,  Hy- 
draulic, Railway,  Bridge,  and  other  Engineering  Works,  &c.  By 
William  Humber,  A.-M.  Inst.  C.E.,  &c  Imp.  4to,  with 
36  Double  Plates,  drawn  to  a  large  scale,  and  Portrait  of  John 
Hawkshaw,  C.E.,  F.R.S.,  &c.,  and  descriptive  Letter-press,  Speci- 
fications, &c.     3/.  y.  half  morocco. 

List  of  the  Plates  and  Diagra7>is. 


Victoria  Station  and  Roof,  L.  B.  &  S, 
C.  R.  (8 plates);  Southport  Pier  (2  plates); 
Victoria  Station  and  Roof,  L.  C.  &  D.  and 
G.  W.  R.  (6  plates)  ;  Roof  of  Cremome 
Music  Hall ;  Bridge  over  G.  N.  Railway ; 
Roof  of  Station,  Dutch  Rhenish  Rail  (2 


plates)  ;  Bridge  over  the  Thames,  West 
London  Extension  Railway  (5  plates)  ;  Ar- 
mour Plates  ;  Suspension  Bridge,  Thames 
(4  plates)  :  The  Allen  Engine  ;  Suspension 
Bridge,  Avon  (3  plates);  Underground 
Railway  (3  plates). 


HUMBER'S  RECORD  OF  MODERN  ENGINEERING.  Second 
Series.  Imp.  4to,  with  36  Double  Plates,  Portrait  of  Robert  Ste- 
phenson, C.E.,  &c.,  and  descriptive  Letterpress,  Specifications, 
&c.     3/.  3^.  half  morocco. 

List  of  the  Plates  atid  Diagrams. 


Viaduct,  MerthjT,  Tredegar,  and  Aberga- 
venny Railway  ;  College  Wood  Viaduct, 
Cornwall  Railway  ;  Dublin  Winter  Palace 
Roof  (3  plates)  ;  Bridge  over  the  Thames, 
L.  C.  and  D.  Railway  (6  plates) ;  Albert 
Harbour,  Greenock  (4  plates). 


Birkenhead  Docks,  Low  Water  Basin 
(15  plates);  Charing  Cross  Station  Roof, 
C.  C.  Railway  (3  plates)  ;  Digswell  Via- 
duct, G.  N.  Railway ;  Robbery  Wood 
Viaduct,  G.  N.  Railway  ;  Iron  Permanent 
Way  ;  Clydach  Viaduct,  Merthyr,  Tre- 
degar, and  Abergavenny  Railway  ;  Ebbw 

HUMBER'S  RECORD  OF  MODERN  ENGINEERING.  Third 
Series.  Imp.  4to,  with  40  Double  Plates,  Portrait  of  J.  R.  M 'Clean, 
Esq.,  late  Pres.  Inst.  C.E.,  and  descriptive  Letterpress,  Specifica- 
tions, &c.     3/.  y.  half  morocco. 

List  of  the  Plates  and  Diagrams. 
Main     Drainage,     Metropolis.  —  1  Branch  (2  plates) ;  Outfall  Sewer,  Reser- 
North  Side. — Map  showing  Interception  I  voir  and  Outlet  (4  plates) ;  Outfall  Sewer, 
of  Sewers;  Middle  Level  Sewer  (2  plates);     Filth  Hoist;  Sections  of  Sewers  (North 
Outfall  Sewer,  Bridge  over  River  Lea  (3    and  South  Sides). 

plates);  Outfall  Sewer,  Bridge  over  Marsh  Thames  Embankment. —  Section  of 
Lane,  North  Woolwich  Railway,  and  Bow  River  Wall ;  Steamboat  Pier,  Westminster 
and  Barking  Railway  Junction  ;  Outfall  I  (2  plates) ;  Landing  Stairs  between  Cha- 
Sewer,  Bridge  over  Bow  and  Barking  I  ring  Cross  and  Waterloo  Bridges  ;  York 
Railway  (3  plates);  Outfall  Sewer,  Bridge     Gate  {2  plates)  ;  Overflow  and  Outlet  at 


over  East  London  Waterworks'  Feeder 
(2  plates) ;  Outfall  Sewer,  Reservoir  (2 
plates) ;  Outfall  Sewer,  Tumbling  Bay 
and  Outlet ;  Outfall  Sewer,  Penstocks. 
South  Side. — Outfall  Sewer,  Bermondsey 


Savoy  Street  Sewer  (3  plates)  ;  Steamboat 
Pier,  Waterloo  Bridge  (3  plates) ;  Junc- 
tion of  Sewers,  Plans  and  Sections ;  Gullies, 
Plans  and  Sections  ;  Rolling  Stock  ;  Gra- 
nite and  Iron  Forts. 


HUMBER'S  RECORD  OF  MODERN  ENGINEERING.  Fourth 
Series.  Imp.  4to,  with  36  Double  Plates,  Portrait  of  John  Fowler, 
Esq.,  late  Pres.  Inst.  C.E.,  and  descriptive  Letterpress,  Specifica- 
tions, &c.     3/.  3^-.  half  morocco. 

List  of  t lie  Plates  and  Diagrams. 


Abbey  Mills  Pumping  Station,  Main 
Drainage,  Metropolis  (4  plates) ;  Barrow 
Docks  (5  plates)  ;  Manquis  Viaduct,  San- 
tiago and  Valparaiso  Railway  (2  plates) ; 
Adam's  Locomotive,  St.  Helen's  Canal 
Railway  (2  plates) ;  Cannon  Street  Station 
Roof,  Charing  Cross  Railway  (3  plates)  ; 
Road  Bridge  over  the  River  Moka  (2 
plates) .  Telegraphic  Apparatus  for  Meso- 


potamia ;  Viaduct  over  the  River  Wye, 
Midland  Railway  (3  plates);  St.  German's 
Viaduct,  Cornwall  Railway  (2  plates)  ; 
Wrought-Iron  Cylinder  for  Diving  Bell  ; 
Millwall  Docks  (6  plates) ;  Milroy's  Patent 
Excavator,  Metropolitan  District  Railway 
(6  plates)  ;  Harbours,  Ports,  and  Break- 
waters (3  plates). 
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Strains  in  Iron  Frameworks,  &c. 

GRAPHIC  AND  ANALYTIC  STATICS  IN  THEORY  AND 
COMPARISON,  Their  Practical  Apjilication  to  the  Treatment 
of  Stresses  in  Roofs,  Solid  Girders,  Lattice,  Bowstring  and  Sus- 
pension Bridges,  Braced  Iron  Arches  and  Piers,  and  other  Frame- 
works. To  which  is  added  a  Chapter  on  Wind  Pressures.  Bj 
R.  Hudson  Graham,  C.E.  Containing  Diagrams  and  Plates  to 
scale,  with  numerous  Examples,  many  taken  from  existing  Struc- 
tures. Specially  arranged  for  Class-work  in  Colleges  and  Univer- 
sities.    Demy  8vo.  \^Nearly  ready. 

Strength  of  Girders, 

GRAPHIC  TABLE  for  FACILITATING  the  COMPUTA- 
TION of  the  WEIGHTS  of  WROUGHT-IRON  and  STEEL 
GIRDERS,  &c.,  for  Parliamentary  and  other  Estimates.  By 
J,  H,  Watson  Buck,  M.  Inst.  C.  E.,  Assistant  Engineer  London 
and  North-Western  Railway.  On  a  large  Sheet,  in  Strong  Card- 
board Tube,  IS.  6d.  \Jtist published. 

Strains  yFormulcB  &  Diagrams  for  Calculation  of 

A  HANDY  BOOK  for  the  CALCULATION  of  STRAINS 
in  GIRDERS  and  SIMILAR  STRUCTURES,  and  their 
STRENGTH  ;  consisting  of  Formulae  and  Corresponding  Diagrams, 
with  numerous  Details  for  Practical  Application,  &c.  By  William 
HUMBER,  A.-M.  Inst.  C.E.,  &c.  Third  Edition.  Cr,  8vo,  *js.  dd.  cl. 

Strains, 

THE    STRAINS    ON    STRUCTURES    OF    IRONWORK; 

with  Practical  Remarks  on  Iron  Construction.    By  F.  W.  Sheii.ds, 

M.  Inst.  C.E.   Second  Edition,  with  5  Plates.   Royal  8vo,  ^s.  cloth. 

"The  student  cannot  find  a  better  book  on  this  subject  thanMr.Sheilds'." — Engineer. 

Barlow  on  the  Strength  of  Materials,  enla^^ged. 

A  TREATISE  ON  THE  STRENGTH  OF  MATERIALS, 
with  Rules  for  application  in  Architecture,  the  Construction  of 
Suspension  Bridges,  Railways,  &c.  By  Peter  Barlow,  F.R.S. 
Revised  by  his  Sons,  P.  W.  and  W.  H.  Barlow.  Edited  by 
W.  Humber,  A-M.  Inst.  C.E.     8vo,  i8j.  cloth. 

"The  standard  treatise  upon  this  particular  subject" — Engineer. 

Strength  of  Cast  Iron,  &c. 

A  PRACTICAL  ESSAY  on  the  STRENGTH  of  CAST  IRON 
and  OTHER  METALS.  By  T.  Tredgold,  C.E.  5th  Edition. 
To  which  are  added.  Experimental  Researches  on  the  Strength, 
&c.,  of  Cast  Iron.  By  E.  Hodgkinson,  F.R.S.  8vo,  12s.  cloth. 
*^*  Hodgkinson's  Researches,  separate,  price  6^. 

Hydraulics. 

HYDRAULIC  TABLES,  CO-EFFICIENTS,  and  FORMULAE 
for  finding  the  Discharge  of  Water  from  Orifices,  Notches,  Weirs, 
Pipes,  and  Rivers.  With  New  Formulae,  Tables,  and  General 
Information  on  Rain-fall,  Catchment-Basins,  Drainage,  Sewerage, 
and  Water  Supply.  By  J.  Neville,  C.E.,  M.R.LA.  Third 
Edition,  Revised  and  Enlarged.     Crown  8vo,  14J.  cloth. 
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Hydraulics. 

HYDRAULIC  MANUAL.  Consisting  of  Working  Tables  and 
Explanatory  Text.  Intended  as  a  Guide  in  Hydraulic  Calculations 
and  Field  Operations.  By  Lowis  D'A.  Jackson.  Fourth 
Edition.    Rewritten  and  Enlarged.    Large  Crown  8vo.,  i6j.  cloth. 

Rive7''  Engineering. 

RIVER  BARS  :  The  Causes  of  their  Formation,  and  their  Treat- 
ment by  '  Induced  Tidal  Scour,' with  a  Description  of  the  Successful 
Reduction  by  this  Method  of  the  Bar  at  Dublin.  By  I.  J.  Mann, 
Assis.  Eng.  to  the  Dublin  Port  and  Docks  Board.  Rl.  8vo.  7^.  dd.  cl. 

Levelling. 

A  TREATISE  on  the  PRINCIPLES  and  PRACTICE  of 
LEVELLING ;  showing  its  Application  to  Purposes  of  Railway 
and  Civil  Engineering,  in  the  Construction  of  Roads  ;  with  Mr. 
Telford's  Rules  for  the  same.  By  Frederick  W.  Simms, 
F.G.S.,  M.  Inst.  C.E.  Sixth  Edition,  very  carefully  revised,  with 
the  addition  of  Mr.  Law's  Practical  Examples  for  Setting  out 
Railway  Curves,  and  Mr.  Trautwine's  Field  Practice  of  Laying 
out  Circular  Curves.  With  7  Plates  and  numerous  Woodcuts.  8vo, 
8j-.  6d.  cloth.  *»*  Trautwine  on  Curves,  separate,  $s. 

Practical  Tunnelling. 

PRACTICAL  TUNNELLING:  Explaining  in  detail  the  Setting 
out  of  the  Works,  Shaft-sinking  and  Heading-Driving,  Ranging 
the  Lines  and  Levelling  under  Ground,  Sub-Excavating,  Timbering, 
and  the  Construction  of  the  Brickwork  of  Tunnels  with  the  amount 
of  labour  required  for,  and  the  Cost  of,  the  various  portions  of  the 
work.  By  F.  W.  Simms,  M.  Inst.  C.E.  Third  Edition,  Revised 
and  Extended.  By  D.  Kinnear  Clark,  M.I. C.E.  Imp.  8vo, 
with  21  Folding  Plates  and  numerous  Wood  Engravings,  30 j.  cloth. 

Steam. 

STEAM  AND  THE  STEAM  ENGINE,  Stationary  and  Port- 
able. Being  an  Extension  of  Sewell's  Treatise  on  Steam.  By  D, 
Kinnear  Clark,  M.I. C.E.     Second  Edition.     i2mo,  4?.  cloth. 

Civil  and  Hydraulic  Engineering. 

CIVIL  ENGINEERING.  By  Henry  Law,  M.  Inst.  C.E. 
Including  a  Treatise  on  Hydraulic  Engineering,  by  George  R, 
BuRNELLjM.I.C.E.  Sixth  Edition,  Revised,  with  large  additions, 
by  D.  Kinnear  Clark,  M.  Inst.  C.E.     7j.  6</.,  cloth. 

Gas-L  ighting. 

COMMON  SENSE  FOR  GAS-USERS  :  a  Catechism  of  Gas- 
Lighting  for  Householders,  Gasfitters,  Millowners,  Architects, 
Engineers,  &c.  By  R.  Wilson,  C.E.  2nd  Edition.  Cr.  8vo,  2s.  6d. 

Earthwork. 

EARTHWORK  TABLES,  showing  the  Contents  in  Cube  Yards 
of  Embankments,  Cuttings,  &c.,  of  Heights  or  Depths  up  to  an 
average  of  80  feet.  By  Joseph  Broadbent,  C.E.,  ard  Francis 
Cami'IN,  C  E.     Cr.  8vo,  oblong,  5^.  cloth. 
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Tramways  and  their  Working. 

TRAMWAYS  :  THEIR  CONSTRUCTION  and  WORKING. 

Embracing  a  Comprehensive  History  of  the  System,  with  an 
Exhaustive  Analysis  of  the  various  modes  of  Traction,  including 
Horse-power,  Steam,  Heated  Water,  and  Compressed  Air ;  a 
Description  of  the  Varieties  of  RoUinjj  Stock,  and  Ample  Details 
of  Cost  and  Working  Expenses  With  125  Wood  Engravings 
and  13  Folding  Plates.  Also  a  Supplementary  Volume: 
recording  the  Progress  recently  made  in  the  Design  and  Construc- 
tion of  Tramways,  and  in  the  Means  of  Locomotion  by  Mechanical 
Power.  By  D.  Kinnear  Clark,  M.  Inst.  C.  E.,  Author  of 
"Railway  Machinery,"  "Railway  Locomotives,"  &c.  With  76 
Wood  Engravings.     2  vols.     Large  Crown  8vo,  30J.  cloth. 

"  All  interested  in  tramways  must  refer  to  it,  as  all  railway  engineers  have  turned 
to  the  author's  work  '  Railway  Machinery.'" — The  Engineer. 

"  The  work  is  based  on  former  tramway  experience,  and  is  specially  valuable  in 
these  days  of  rapid  cliange  and  progress." — Engitteering. 

Steam  Engine. 

TEXT-BOOK  ON  THE  STEAM  ENGINE.  By  T.  M. 
GOODEVE,  M.A.,  Barrister-at-Law,  Author  of  "The  Principles 
of  Mechanics,"  "The  Elements  of  Mechanism,"  &c.  Fourth 
Edition.  With  numerous  Illustrations.  Crown  8vo,  6s.  cloth. 
"  Mr.  Goodeve's  text-book  is  a  work  of  which  every  young  engineer  should  pos- 
sess himself." — Mining  Journal. 

Steam, 

THE  SAFE  USE  OF  STEAM  :  containing  Rules  for  Unpro- 
fessional  Steam  Users.    By  an  Engineer.  4th  Edition.  Sewed,  6^. 
"  If  steam-users  would  but  learn  this  little  book  by  heart,  boiler  explosions  would 
become  sensations  by  their  rarity." — English  MecJianic. 

Smithing  and  Farriery. 

THE  SMITHY  AND  FORGE.  A  Rudimentary  Treatise, 
including  Instructions  in  the  Farrier's  Art,  and  a  Chapter  on 
Coach- Smithing.     By  W.  J.  E.  Crane.     3^.  cloth. 

Mechanical  Engineering. 

DETAILS  OF  MACHINERY  :  Comprising  Instructions  for  the 
Execution  of  various  Works  in  Iron,  in  the  Fitting-Shop,  Foundry, 
and  Boiler- Yard.     By  Francis  C ampin,  C.E.     3^-.  dd.  cloth. 

Mechanical  Engineering. 

MECHANICAL  ENGINEERING:  Comprising  Metallurgy, 
Moulding,  Casting,  Forging,  Tools,  Workshop  Machinery,  Manu- 
facture of  the  Steam  Engine,  &c.    By  F.  Campin,  C.E.    ^s.  clo'.h. 

Works  of  Construction. 

MATERIALS    AND    CONSTRUCTION  :   a  Theoretical  and 

:        Practical   Treatise   on  the   Strains,    Designing,    and  Erection   of 

Works  of  Construction.  By  F.  Campin,C.E.    i2mo,  3.-.  6d.  cl.  brds. 

Iron  Biddges,  Girders,  Roofs,  &c. 

A  TREATISE  ON  THE  APPLICATION  OF  IRON 
TO  THE  CONSTRUCTION  OF  BRIDGES,  GIRDERS, 
ROOFS,  AND  OTHER  WORKS.  By  F. Campin,  C.E.  i2mo,3J. 
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Bridge  Construction  in  Masonry^  Timber^  &  Iron. 

EXAMPLES  OF  BRIDGE  AND  VIADUCT  CONSTRUC- 
TION IN  MASONRY,  TIMBER,  AND  IRON  j  consisting  of 
46  Plates  from  the  Contract  Drawings  or  Admeasurement  of  select 
Works.  By  W.  Davis  Haskoll,  C.E.  Second  Edition,  with 
the  addition  of  554  Estimates,  and  the  Practice  of  Setting  out  Works, 
with  6  pages  of  Diagrams.  Imp.  4to,  2/.  \2s.  6d.  half- morocco. 
"A  -^ork  of  the  present  nature  by  a  man  of  Mr.  HaskoU's  experience,  must  prove 
invaluable.     The  tables  of  estimates  considerably  enhance  its  value." — Engineering. 

Oblique  Bridges, 

A  PRACTICAL  and  THEORETICAL  ESSAY  on  OBLIQUE 
BRIDGES,  with  13  large  Plates.  By  the  late  Geo.  Watson 
Buck,  M.  I.  C.  E.  Third  Edition,  revised  by  his  Son,  J.  H.  Watson 
Buck,  M.I. C.E.  ;  and  with  the  addition  of  Description  to  Dia- 
gi-ams  for  Facilitating  the  Construction  of  Oblique  Bridges,  by 
W.  PI.  Barlow, M.I. C.E.    Royal  8vo,  12s.  cloth. 

"  The  standard  text  book  for  all  engineers  regarding  skew  arches." — Etigineer. 

Oblique  Arches. 

A  PRACTICAL  TREATISE  ON  THE  CONSTRUCTION  of 
OBLIQUE  ARCHES.  By  John  Hart.  srdEd.  Imp.  8vo,  8j. cloth. 

Boiler  Construe tio7t. 

THE  MECHANICAL  ENGINEER'S  OFFICE  BOOK: 
Boiler  Construction.  By  Nelson  Foley,  Cardiff,  late  Assistant 
Manager  Palmer's  Engine  Works,  Jarrow.  With  29  full-page 
Lithographic  Diagrams.     Folio  2ls.  half-bound. 

Locomotive- Eng ine  Driving, 

LOCOMOTIVE-ENGINE  DRIVING  ;  a  Practical  Manual  for 
Engineers  in  charge  of  Locomotive  Engines.  By  Michael 
Reynolds,  M.S.E.  Fifth  Edition.  Comprising  A  KEY  TO  THE 
LOCOMOTIVE  ENGINE.  With  Illustrations.  Cr.  8vo,  4?. 6^.  cl. 
•*  Mr.  Reynolds  has  supplied  a  want,  and  has  supplied  it  -weiV—Eiigitteer. 

The  Efigiiieer^  Fi7''e7nan,  and  Engine-Boy. 

THE  MODEL  LOCOMOTIVE  ENGINEER,  FIREMAN, 
AND  ENGINE-BOY.     By  M.  Reynolds.     Crown  8vo,  4^.  6^. 

Stationaiy  Engine  Driving. 

STATIONARY  ENGINE  DRIVING.  A  Practical  Manual  for 
Engineers  in  Charge  of  Stationary  Engines.  By  Michael  Rey- 
nolds. Second  Edition,  Revised  and  Enlarged.  With  Plates  and 
Woodcuts.     Crown  8vo,  4J.  dd.  cloth. 

Engine- Driving  Life. 

ENGINE-DRIVING  LIFE  ;  or  Stirring  Adventures  and  Inci- 
dents in  the  Lives  of  Locomotive  Engine- Drivers.  By  Michael 
Reynolds.     Eighth  Thousand,     Crown  8vo,  2s.  cloth. 

Co7itinuous  Railway  B^^akes. 

CONTINUOUS  RAILWAY  BRAKES.  A  Practical  Treatise  on 
the  several  Systems  in  Use  in  the  United  Kingdom  ;  their  Construc- 
tion and  Performance.  With  copious  Illustrations  and  numerous 
Tables.     By  Michael  Reynolds.     Large  Crown  8vo,  9^.  cloth. 
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Construction  of  Iron  Beams,  PillarSy  &c, 

IRON  AND  HEAT  ;  exhibiting  the  Principles  concerned  in  the 
construction  of  Iron  Beams,  Pillars,  and  Bridge  Girders,  and  the 
Action  of  Heat  in  the  Smelling  Furnace.   By  J.  Armour,  C.E.    y. 

Fire  Engineering. 

FIRES,  FIRE-ENGINES,  AND  FIRE  BRIGADES.  With 
a  History  of  Fire-Engines,  their  Construction,  Use,  and  Manage- 
ment ;  Remarks  on  Fire- Proof  Buildings,  and  the  Preservation  of 
Life  from  Fire ;  Statistics  of  the  Fire  Appliances  in  English 
ToA^Tis  ;  Foreign  Fire  Systems  ;  Hints  on  Fire  Brigades,  &c.,  &c. 
By  Charles  F.  T.  Young,  C.E.     Demy  8vo,  i/.  4f.  cloth. 

Trigonometrical  Surveying. 

AN  OUTLINE  OF  THE  METHOD  OF  CONDUCTING  A 
TRIGONOMETRICAL  SURVEY,  for  the  Formation  of  Geo- 
graphical  and  Topographical  Maps  and  Plans,  Military  Recon- 
naissance, Levelling,  &c.,  with  the  most  useful  Problems  in  Geodesy 
and  Practical  Astronomy.  By  Lieut.-Gen.  Frome,  R.E.,  late  In- 
spector-General of  Fortifications.  Fourth  Edition,  Enlarged,  and 
partly  Re-written.  By  Captain  Charles  Warren,  R.E.  With 
19  Plates  and  115  Woodcuts,  royal  8vo,  i6j.  cloth. 

Tables  of  Curves. 

TABLES    OF  TANGENTIAL  ANGLES  and  MULTIPLES 

for  setting  out  Curves  from  5  to  200  Radius.     By  Alexander 
Beazeley,  M.  Inst.  C.E.    Second  Edition.    Printed  on  48  Cards, 
and  sold  in  a  cloth  box,  waistcoat-pocket  size,  y.  6d. 
"  Each  table  is  printed  on  a  small  card,  which,  being  placed  on  the  theodolite,  leaves 
the  hands  free  to  manipulate  the  instrument." — Engineer. 

"  Very  handy  ;  a  man  may  know  that  all  his  day's  work  must  fall  on  two  of  these 
cards,   which  he  puts   into    his    own   card-case,   and    leaves  the    rest  behind." — 

Pioneer  Engineering.  {Atiietueum. 

PIONEER  ENGINEERING.  A  Treatise  on  the  Engineering 
Operations  connected  with  the  Settlement  of  Waste  Lands  in  New 
Countries.  By  Edward  Dobson,  A. I. C.E.  With  Plates  and 
Wood  Engravings.  Revised  Edition.  i2mo,  y.  cloth. 
"  A  workmanlike  production,  and  one  without  possession  of  which  no  man  should 
start  to  encounter  the  duties  of  a  pioneer  engineer." — Aihenceum. 

Engineering  Fieldwork. 

THE    PRACTICE     OF    ENGINEERING    FIELDWORK, 

applied  to  Land  and  Hydraulic,  Plydrographic,  and  Submarine 
Surveying  and  Levelling.  Second  Edition,  revised,  with  consider- 
able additions,  and  a  Supplement  on  WATERWORKS,  SEWERS, 
SEWAGE,  and  IRRIGATION.  By  W.  Davis  Haskoll,  C.E. 
Numerous  folding  Plates.    In  i  Vol.,  demy  8vo,  i/.  5^.,  cl.  boards. 

Large  Ttmnel  Shafts. 

THE  CONSTRUCTION  OF  LARGE  TUNNEL  SHAFTS. 
By  J.  H.  Watson  Buck,  M.  Inst.  C.E.,  &c.  lUustratedwith  Fold- 
ing Plates.     Royal  Svo,  I2J.  cloth. 
"  Many  of  the  methods  given  are  of  extreme  practical  value  to  the  mason,  and  the 
observations  on  the  form  of  arch,  the  rules  for  ordering  the  stone,  and  the  construc- 
tion of  the  templates,  will  be  found  of  considerable  use.     We  commend  the  Ijook  to 
the  profession,  and  to  all  who  have  to  build  similar  ^■aSxs,"— Building  News. 
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Survey  Practice, 

AID  TO  SURVEY  PRACTICE  :   for  Reference  in  Surveying, 
Levelling,  Setting-out  and  in  Route  Surveys  of  Travellers  by  Land 
and  Sea.     With  Tables,   Illustrations,  and  Records.     By  Lowis 
D'A.  Jackson,  A.-M.I.C.E.    Author  of  "Hydraulic  Manual  and 
Statistics,"  &c.     Large  crown  8vo,  \2s.  dd.,  cloth, 
"  Mr.  Jackson  has  had  much  and  varied  experience  in  field  work  and  some  know- 
ledge of  bookmaking,  and  he  has  utilised  both  these  acquirements  with  a  very  useful 
result.     The  volume  covers  the  ground  it  occupies  very  thoroughly." — Engineeritig. 
"  A  general  text  bookwas  wanted,  and   we  are  able  to  speak  with  confidence   of 
Mr.  Jackson's  treatise.     .     .     .     We  cannot  recommend  to  the  student  who  knows 
something  of  the  mathematical  principles  of  the  subject  a  better  course  than  to  fortify 
his  practice  in  the  field  under  a  competent  surveyor  with  a  study  of  Mr.  Jackson's 
useful  manual.     The  field  records  illustrate  every  kind  of  survey,  and  will  be  found 
an  essential  aid  to  the  student." — Btcilditig  News. 

Sanitary  Work. 

SANITARY  WORK  IN  THE  SMALLER  TOWNS  AND 
IN  VILLAGES.  Comprising  : — i.  Some  of  the  more  Common 
Forms  of  Nuisance  and  their  Remedies  ;  2.  Drainage  ;  3.  Water 
Supply.  By  Chas.  Slagg,  Assoc.  Inst.  C.E.  Second  Edition, 
Revised  and  Enlarged.  \In  the  Press. 

"A  very  useful  book,  and  may  be   safely  recommended.     The  author  has  had 
practical  experience  in  the  works  of  which  he  treats." — Builder. 

Gas  and  Gasworks. 

THE  CONSTRUCTION  OF  GASWORKS  AND  THE 
MANUFACTURE  AND  DISTRIBUTION  OF  COAL-GAS. 

Originally  written  by  S.  Hughes,  C.E.  Sixth  Edition.  Re-written 
and  enlarged,  by  W\  Richards,  C.E.     i2mo,  5^.  cloth. 

Waterworks  for  Cities  and  Towns. 

WATERWORKS  for  the  SUPPLY  of  CITIES  and  TOWNS, 
with  a  Description  of  the  Principal  Geological  Formations  of  Eng- 
land as  influencing  Supplies  of  Water.  By  S.  Hughes.  4J.  dd.  cloth. 

Fuels  and  their  Economy. 

FUEL,  its  Combustion  and  Economy  ;  consisting  of  an  Abridg- 
ment of  "A  Treatise  on  the  Combustion  of  Coal  and  the  Prevention 
of  Smoke."  By  C.  W.  Williams,  A. I. C.E.  With  extensive 
additions  on  Recent  Practice  in  the  Combustion  and  Economy  of 
Fuel— Coal,  Coke,  Wood,  Peat,  Petroleum,  &c.  ;  by  D.  Kin- 
near  Clark,  M.  Inst.  C.E.  Second  Edition,  revised.  With 
Illustrations.  i2mo.  45-.  cloth  boards. 
"  Students  should  buy  the  book  and  read  it,  as  one  of  the  most  complete  and  satis- 
factory treatises  on  the  combustion  and  economy  of  fuel  to  be  had." — Engineer. 

Roads  and  Streets. 

THE  CONSTRUCTION  OF  ROADS  AND  STREETS.  In 
Two  Parts.  I.  The  Art  of  Constructing  Common  Roads.  By 
Henry  Law,  C.E.  Revised  and  Condensed.  11.  Recent 
Practice  in  the  Construction  of  Roads  and  Streets  :  including 
Pavements  of  Stone,  Wood,  and  Asphalte.  By  D.  Kinnear 
Clark,  M.  Inst.  C.E.  Second  Edit.,  revised.  i2mo,  ^s.  cloth. 
*'  A  book  which  every  borough  surveyor  and  engineer  must  possess,  and  of  consi- 
derable service  to  architects,  builders,  and  property  owners."— i5«//(//«f  jV^wy. 
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Locomotives, 

LOCOMOTIVE  ENGINES,  A  Rudimentary  Treatise  on.  Com- 
prising  an  Historical  Sketch  and  Description  of  the  Locomotive 
Engine.  By  G.  D.  Dempsey,  C.E.  With  large  additions  treat- 
ing of  the  Modern  Locomotive,  by  D.  Kinnear  Clark, 
M.  Inst.  C.E.  With  Illustrations.  i2mo.  3^.  td.  cloth  boards. 
"  The  student  cannot  Tail  to  profit  largely  by  adopting  this  as  his  preliminary  text* 
book." — Iron  and  Coal  Trades  Review. 

Field- Book  for  Engineers. 

THE  ENGINEER'S,  MINING  SURVEYOR'S,  and  CON- 
TRACTOR'S  FIELD-BOOK.  By  W.  Davis  Haskoll,  C.E. 
Consisting  of  a  Series  of  Tables,  with  Rules,  Explanations  of 
Systems,  and  Use  of  Theodolite  for  Traverse  Surveying  and  Plotting 
the  Work  with  minute  accuracy  by  means  of  Straight  Edge  and  Set 
Square  only ;  Levelling  with  the  Theodolite,  Casting  out  and  Re- 
ducing Levels  to  Datum,  and  Plotting  Sections  in  the  ordinary 
manner;  Setting  out  Curves  with  the  Theodolite  by  Tangential 
Angles  and  Multiples  with  Right  and  Left-hand  Readings  of  the 
Instrument ;  Setting  out  Curves  without  Theodolite  on  the  System 
of  Tangential  Angles  by  Sets  of  Tangents  and  Offsets ;  and  Earth- 
work Tables  to  80  feet  deep,  calculated  for  every  6  inches  in  depth. 
With  numerous  Woodcuts.  4th  Edition,  enlarged.  Cr.  8vo.  I2s.  cloth. 
"  The  book  is  very  handy,  and  the  author  might  have  added  that  the  separate  tables 

of  sines  and  tangents  to  every  minute  will  make  it  useful  for  many  other  purposes,  the 

genuine  traverse  tables  existmg  all  the  same." — Aihenceum. 

Earthwork,  Measurement  and  Calculation  of. 

A  MANUAL  on  EARTHWORK.     By  Alex.  J.  S.  Graham, 
C.E.     With  numerous  Diagrams.     i8mo,  2s.  6d.  cloth. 


'  As  a  really  handy  book  for  reference,  we  know  of  no  work  equal  to  it ;  and  the 
way  engineers  and  others  employed  in  the  measurement  and  calculation  of  earth- 
work will  find  a  great  amount  of  practical  information  very  admirably  arranged,  and 


available  for  general  or  rough  estimates,  as  well  as  for  the  more  exact  calculations 
required  in  the  engineers'  contractor's  offices." — Artizan. 

Drawing  for  Engineers,  &c. 

THE  WORKMAN'S  MANUAL  OF  ENGINEERING 
DRAWING.  By  John  Maxton,  Instructor  in  Engineering 
Drawing,  Royal  Naval  College,  Greenwich,  formerly  of  R.  S.  N.  A., 
South  Kensington.  Fourth  Edition,  carefully  revised.  With  upwards 
of  300  Plates  and  Diagrams.     i2mo,  cloth,  strongly  bound,  4s. 

"  A  copy  of  it  should  be  kept  for  reference  in  every  drawing  office." — En^neering. 

"  Indispensable  for  teachers  of  engineering  drawing." — Mechanics'  Magazine. 

Weale's  Dictionary  of  Terms. 

A    DICTIONARY  of   TERMS   used  in  ARCHITECTURE, 

BUILDING,  ENGINEERING,  MINING,    METALLURGY, 

ARCHAEOLOGY,  the  FINE  ARTS,   &c.     By  John  Weale. 

Fifth  Edition,  revised  by  Robert  Hunt,  F.R.S.,  Keeper  of  Mining 

Records,  Editor  of  "  Ure's  Dictionary  of  Arts."    i2mo,  6j.  cl.  bds. 

"  The  best  small  technological  dictionary'  in  the  language." — Architect. 

"  The  absolute  accuracy  of  a  work  of  this  character  can  only  be  judged  of  after 

extensive  consultation,  and  from  our  examination  it  appears  very  correct  and  very 

complete." — Mining  jouituxl. 
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MINING,   METALLURGY,  ETC. 

Metalliferous  Mining. 

BRITISH  MINING.  A  Practical  Treatise  on  the  xMetalliferous 
Mines  and  Minerals  of  the  United  Kingdom,  dealing  comprehen- 
sively with  the  Theories  of  Mineral  Deposits,  the  History  of 
Mines,  their  Practical  Working,  and  the  Future  Prospects  of 
British  Mining  Industry.  Fully  Illustrated.  By  Robert  Hunt, 
F.R.S.,  Keeper  of  Mining  Records  ;  Editor  of  "  Ure's  Dictionary 
of  Arts,  Manufactures,  and  Mines,"  &c.  \Iii  preparation . 

Coal  and  Iron. 

THE  COAL  AND  IRON  INDUSTRIES  OF  THE  UNITED 
KINGDOM  :  comprising  a  Description  of  the  Coal  Fields,  and  of 
the  Principal  Seams  of  Coal,  with  returns  of  their  Produce  and  its 
Distribution,  and  Analyses  of  Special  Vaneties.  Also,  an  Account 
of  the  occurrence  of  Iron  Ores  in  Veins  or  Seams  ;  Analyses  of 
each  Variety  ;  and  a  History  of  the  Rise  and  Progress  of  Pig  Iron 
Manufacture  since  the  year  1740,  exhibiting  the  economies  intro- 
duced in  the  Blast  Furnaces  for  its  Production  and  Improvement. 
By  Richard  Meade,  Assistant  Keeper  of  Mining  Records.  With 
Maps  of  the  Coal  Fields  and  Ironstone  Deposits  of  the  United 
Kingdom.     8vo.,  £\  Zs.  cloth. 

Metalliferous  Minerals  and  Mining. 

A  TREATISE  ON  METALLIFEROUS   MINERALS   AND 
MINING.     By  D.  C.  Davies,  F.G.S.     With  Numerous  Wood 
Engravings.     Second  Edition,  revised.     Cr.  8vo,  12s.  6d.  cloth. 
"  Without  question,  the  most  exhaustive  and  the  most  practically  useful  work  we 

have  seen  ;  the  amount  of  information  given  is  enormous,  and  it  is  given  concisely 

and  intelligibly." — Mi)ii7ig  Journal. 

Slate  and  Slate  Quarrying, 

A  TREATISE  ON  SLATE  AND  SLATE  QUARRYING, 
Scientific,  Practical,  and  Commercial.  By  D.  C.  Davies,  F.G.S. 
Illustrated.     Second  Edition,  revised.     3^.  6d.  cloth. 

Metallurgy  of  Iron. 

A  TREATISE  ON  THE  METALLURGY  OF  IRON  :  con- 
taining Outlines  of  the  Histoiy  of  Iron  Manufacture,  Methods  of 
Assay,  and  Analyses  of  Iron  Ores,  Processes  of  Manufacture  of 
Iron  and  Steel,  &c.  By  H.  Bauerman,  F.G.S.  Fifth  Edition, 
Revised  and  Enlarged.     Illustrated.     5^-.  6^.,  cloth. 

Minings  Surveying  and  Valuing, 

THE  MINERAL  SURVEYOR  AND  VALUER'S  COM- 
PLETE  GUIDE,  comprising  a  Treatise  on  Improved  Mining 
Surveying,  with  new  Traverse  Tables  ;  and  Descriptions  of  Im- 
proved Instruments  ;  also  an  Exposition  of  the  Correct  Principles 
of  Laying  out  and  Valuing  Home  and  Foreign  Iron  and  Coal 
Mineral  Properties.  By  William  Lintern,  Mining  and  Civil 
Engineer.  With  four  Plates  of  Diagrams,  Plans,  &c.,  i2mo,  4^.  cloth. 
*#*  Also,  bound  with  Thoman's  Tables.     7^.  6r/.     (See  page  20.) 
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Coal  and  Coal  Mining, 

COAL  AND  COAL  MINING.     By  Warington  W,  Smyth, 

M.A.,  F.R.S.,  &c.,  Chief  Inspector  of  the  Mines  of  the  Crown. 

Fifth  edition,  revised.     4-r.  cloth. 

"Every  portion  of  th«  volume  appears  to  have  been  prepared  with  much  care,  and 

as  an  outline  is  given  of  every  known  coal-field  in  this  and  other  countries,  ai  well  as 

of  the  two  principal  methods  of  working,  the  book  will  doubtleas  interest  a  very 

large  number  of  readers." — Mining  Journal. 

Undergrotmd  Pumping  Machineiy. 

MINE  DRAINAGE  ;  being  a  Complete  and  Practical  Treatise 
on  Direct- Acting  Underground  Steam  Pumping  Machinery,  with 
a  Description  of  a  large  number  of  the  best  known  Engines,  their 
General  Utility  and  the  Special  Sphere. of  their  Action,  the  Mode 
of  their  Application,  and  their  merits  compared  with  other  forms  of 
Pumping  Machinery.    By  Stephen  Michell.     8vo,  15J.  cloth. 

Manual  of  Mining  Tools. 

MINING  TOOLS.  For  the  use  of  Mine  Managers,  Agents, 
Mining  Students,  &c.  By  William  Morgans.  Volume  of  Text. 
l2mo,  3J.  With  an  Atlas  of  Plates,  containing  235  Illustrations. 
4to,  6j.     Together,  9J.  cloth  boards. 

NAVAL  ARCHITECTURE,  NAVIGATION,  ETC. 
Pocket  B  ookf or  N aval  Architects&  Shipbuilders, 

THE  NAVAL  ARCHITECT'S  AND  SHIPBUILDER'S 
POCKET  BOOK  OF  FORMULA,  RULES,  AND  TABLES 
AND  MARINE  ENGINEER'S  AND  SURVEYOR'S  HANDY 
BOOK  OF  REFERENCE.  By  Clement  Mackrow,  M.  Inst. 
N.  A.,  Naval  Draughtsman.  Second  Edition,  revised.  With 
numerous  Diagrams.  Fcap.,  \2s.  6d.,  strongly  bound  in  leather. 
"  Should  be  used  by  all  who  are  engaged  in  the  construction  or  design  of  vessels." 

— Engineer. 

"  Mr.  Mackrow  has  compressed  an  extraordinary  amount  of  information  into  this 

useful  volume."— A  i/iencenm. 

Pocket-Book  for  Marine  Engineers. 

A  POCKET-BOOK  OF  USEFUL  TABLES  AND  FOR- 
MULA FOR  MARINE  ENGINEERS.  By  Frank  Proctor, 
A.  I.N.  A.       Third  Edition.     Royal  32mo,  leather,  gilt  edges,  4-$'. 

"A  most  useful  companion  to  all  marine  engineers." — United  Service  Gazette. 

"  Scarcely  anything  required  by  a  naval  engineer  appears  to  have  been  for- 
gotten."— Iron. 

Grantham  s  Iron  Ship-Building. 

ON  IRON   SHIP-BUILDING;   with  Practical  Examples  and 

Details.    By  John  Grantham,  M.  Inst.  C.E.,  &c    Fifth  Edition. 

Imp.  4to,  boards,  enlarged  from  24  to  40  Plates,  with  separate  Text, 

also  enlarged,  cloth  limp.     2/.  2j.  complete. 
"  Mr.  Grantham's  work  is  of  great  interest.     It  will,  we  are  confident,  command  an 
extensive  circulation  among  shipbuilders  in  general.     By  order  of  the  Board  of  Admi- 
ralty, the  work  will  form  the  text-book  on  which  the  examination  in  iron  ship-building 
of  candidates  for  promotion  the  in  dockyards  will  be  mainly  based." — Engineering. 
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L  ight-Houses. 

EUROPEAN  LIGHT-HOUSE  SYSTEMS  ;  being  a  Report  of 
a  Tour  of  Inspection  made  in  1873.  By  Major  Gecrge  H. 
Elliot,  Corps  of  Engineers,  U.S.A.  Illustrated  by  51  En- 
gravings and  31  Woodcuts  in  the  Text.     8vo,  2IJ.  cloth. 

Surveying  [Land  and  Marine). 

LAND  AND  MARINE  SURVEYING,  In  Reference  to  the 
Preparation  of  Plans  for  Roads  and  Railways,  Canals,  Rivers, 
Tov/Tis'  Water  Supplies,  Docks  and  Harbours  ;  with  Description 
and  Use  of  Surveying  Instruments.  By  W.  Davis  Haskoll,  C.E. 
With  14  folding  Plates,  and  numerous  Woodcuts.  Svo,  12s.  6d.  cloth. 

Storms, 

STORMS  :  their  Nature,  Classification,  and  Laws,  with  the 
Means  of  Predicting  them  by  their  Embodiments,  the  Clouds. 
By  William  Blasius.     Crown  Svo,  loj.  6d.  cloth  boards. 

Rudimentary  Navigation, 

THE  SAILOR'S  SEA-BOOK:  a  Rudimentary  Treatise  on  Navi- 
gation. By  James  Greenwood,  B.  A.  New  and  enlarged  edition. 
By  W.  H.  RossER.     i2mo,  3J.  cloth  boards. 

Mathematical  and  Nautical  Tables. 

MATHEMATICAL  TABLES,  for  Trigonometrical,  Astronomical, 
and  Nautical  Calculations  ;  to  which  is  prefixed  a  Treatise  on 
Logarithms.  By  Henry  Law,  C.E.  Together  with  a  Series  of 
Tables  for  Navigation  and  Nautical  Astronomy.  By  Professor 
J.  R.  Young.     New  Edition.     i2mo,  45-.  cloth  boards. 

Navigation  [Practical^,  with  Tables, 

PRACTICAL  NAVIGATION  :  consisting  of  the  Sailor's  Sea- 
Book,  by  James  Greenwood  and  W.  H.  Rosser  ;  together 
with  the  requisite  Mathematical  and  Nautical  Tables  for  the  Work- 
ing of  the  Problems.  By  Henry  Law,  C.E.,  and  Professor 
J.  R.  Young.  Illustrated.  i2mo,  7^.  strongly  half-bound  in  leather. 


WEALE'S   RUDIMENTARY    SERIES. 

The  following  books  in  Naval  Architecture,  etc.,  are  published  in  the 

above  series, 

NAVIGATION  and  NAUTICAL  ASTRONOMY  IN  THEORY 

AND  PRACTICE.   By  Professor  J.  R.  Young.   New  Edition. 

Including  the  Requisite  Elements  from  the  Nautical  Almanac  for 

Working  the  Problems.     i2mo,  2.r.  ^d.  cloth. 
MASTING,  MAST-MAKING,  AND  RIGGING  OF  SHIPS.     By 

Robert  Kipping,  N.A.    Fifteenth  Edition.     i2mo,  2.s.  6d.  cloth. 
SAILS    AND    SAIL-MAKING.      Tenth    Edition,     enlarged.      By 

Robert  Kipping,  N.A.     Illustrated.    i2mo,  3^.  cloth  boards. 
NAVAL  ARCHITECTURE.     By  James  Peake.     Fourth  Edition, 

with  Plates  and  Diagrams.     l2mo,  4J.  cloth  boards. 
MARINE   ENGINES,    AND   STEAM    VESSELS.     By  Robert 

Murray,  C.E.     Eighth  Edition,  Re-written  by  H.  S.  Barron, 

Assoc. -Memb.  Inst.  C.E.  {In preparation. 
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ARCHITECTURE,   BUILDING,   ETC. 


Construction.  — • — 

THE  SCIENCE  of  BUILDING  :  An  Elementary  Treatise  on 
the  Principles  of  Construction.  By  E.  Wyndham  Tarn,  M.A., 
Architect.  With  58  Wood  Engravings.  Second  Edition,  revisedand 
enlarged,  including  an  entirely  new  chapter  on  the  Nature  of 
Lightning,  and  the  Means  of  Protecting  Buildings  from  its  Violence. 
Crown  8vo,   'js.  6ii.  cloth. 

"  A  very  valuable  book,  which  we  strongly  recommend  to  all  students." — BuiltUr. 

"  No  architectural  student  should  be  without  this  hznd-hook."— A  rcAi/eci. 

Civil  and  Ecclesiastical  Btcilding. 

A  BOOK  ON  BUILDING,  CIVIL  AND  ECCLESIASTICAL, 
Including  Church  Restoration.  By  Sir  Edmund  Beckett, 
Bart.,  LL.D.,  Q.C.,  F.R.A.S.  Author  of  "Clocks  and 
Watches  and  Bells,"  &c.  i2mo,  5^.  cloth  boards. 
"  A  book  which  is  always  amusing  and  nearly  always  instructive.  We  are  able 
very  cordially  to  recommend  all  persons  to  read  it  for  themselves.  " — Times. 

"  We  commend  the  book  to  the  thoughtful  consideration  of  all  who  are  interested 
in  the  building;  art." — Builder. 

Villa  Architecture. 

A  HANDY  BOOK  of  VILLA  ARCHITECTURE ;  being  a 
Series  of  Designs  for  Villa  Residences  in  various  Styles.  With 
Detailed  Specifications  and  Estimates.  By  C.  Wickes,  Architect, 
Author  of  "  The  Spires  and  Towers  of  the  Mediaeval  Churches  of  Eng- 
land," &c.  30  Plates,  4to,  half  morocco,  gilt  edges,  i/.  is. 
*^*  Also  an  Enlarged  edition  of  the  above.  61  Plates,  with  Detailed 
Specifications,  Estimates,  &c.      2/.  2s.  half  morocco. 

Useful  Text- Book  for  Architects. 

THE  ARCHITECT'S  GUIDE  :  Being  a  Text-book  of  Useful 
Information  for  Architects,  Engineers,  Surveyors,  Conti-actors, 
Clerks  of  Works,  &c.     By  F.   Rogers.     Cr.  Svo,  6s.  cloth. 

"As  a  text-book  of  useful  information  for  architects,  engineers,  surveyors,  &c.,  it 
would  be  hard  to  find  a  handier  or  more  complete  little  volume." — Standard. 

The  Young  Architect's  Book. 

HINTS  TO  YOUNG  ARCHITECTS.     By  G.  Wightwick. 
New  Edition.     By  G.  PI.  Guillaume.     i2mo,  cloth,  4^. 
"  Will  be  found  an  acquisition  to  pupils,  and  a  copy  ought  to  be  considered  as 
necessarj'  a  purchase  as  a  box  of  instruments." — Architect. 

Drawing  for  Builders  and  Students. 

PRACTICAL  RULES  ON  DRAWING  for  the  OPERATIVE 
BUILDER  and  YOUNG  STUDENT  in  ARCHITECTURE. 
By  George  Pyne.     With  14  Plates,  4to,  ^s.  6d.  boards. 

Boiler  and  Factory  Chimneys. 

BOILER  AND  FACTORY  CHIMNEYS  ;  their  Draught  power 
and  Stability,  with  a  chapter  on  Lightning  Conductors.  By  Robert 
Wilson,  C.E,     Crown  Svo,  3^.  6d.  cloth. 
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Taylor  and  Cresys  Rome. 

THE  ARCHITECTURAL  ANTIQUITIES  OF  ROME,  By 
the  late  G.  L.  Taylor,  Esq.,  F.S.  A.,  and  Edward  Cresy,  Esq. 
New  Edition,  Edited  by  the  Rev.  Alexander  Taylor,  M.  A.  (son 
of  the  late  G.  L.  Taylor,  Esq. )  This  is  the  only  book  which  gives 
on  a  large  scale,  and  with  the  precision  of  architectural  measure- 
ment, the  principal  Monum.ents  of  Ancient  Rome  in  plan,  elevation, 
and  detail.  Large  folio,  with  130  Plates,  half-bound,  3/.  3^. 
* ^*  Originally  published  in  two  volumes,  folio,  at  18/.  i8j. 

Vit7'tcvms'  Architecture. 

THE  ARCHITECTURE  OF  MARCUS  VITRUVIUS 
POLLIO.  ,  Translated  by  Joseph  Gwilt,  F.S. A,  F.R.A.S. 
Numerous  Plates.     i2mo,  cloth  limp,  5^. 

Ancie7it  Architecture. 

RUDIMENTARY    ARCHITECTURE    (ANCIENT)  ;    com- 
prising  VITRUVIUS,  translated    by   Joseph    Gwilt,    F.S.  A., 
&c.,  with  23  fine  plates  ;  and  GRECIAN  ARCHITECTURE. 
By  the  Earl  of  Aberdeen  ;  i2mo,  6j.,  half-bound. 
*^,*   The  only  edition  of  VITRUVIUS  procurable  at  a  moderate  price. 

Modern  Architecture. 

RUDIMENTARY  ARCHITECTURE  (MODERN);  com- 
prising THE  ORDERS  OF  ARCHITECTURE.  By  W.  H. 
Leeds,  Esq.  ;  The  STYLES  of  ARCHITECTURE  of  VARIOUS 
COUNTRIES.  By  T.  Talbot  Bury  ;  and  The  PRINCIPLES 
of  DESIGN  in  ARCHITECTURE.  By  E.  L.  Garbett. 
Numerous  illustrations,  i2mo,  6j.  half-bound. 

Civil  Architecture. 

A  TRE\TISE  on  THE  DECORATIVE  PART  of  CIVIL 
ARCHITECTURE.  By  Sir  William  Chambers,  F.R.S. 
With  Illustrations,  Notes,  and  an  Examination  of  Grecian  Archi- 
tecture. By  Joseph  Gwilt,  F.S.  A.  Revised  and  edited  by  W. 
H.  Leeds.     66  Plates,  4to,  2IJ'.  cloth. 

House  Painting. 

HOUSE  PAINTING,  GRAINING,  MARBLING,  AND 
SIGN  WRITING  :  a  Practical  Manual  of.  With  9  Coloured 
Plates  of  Woods  and  Marbles,  and  nearly  150  Wood  Engravings. 
By  Ellis  A.  Davidson.  Third  Edition,  Revised.  i2mo,  6j.  cloth. 

Plumbing. 

PLUMBING  ;  aText-book  to  the  Practice  of  the  Art  or  Craft  of  the 
Plumber.  With  chapters  upon  House-drainage,  embodying  the 
latest  Improvements.  By  W.  P.  Buchan,  Sanitary  Engineer. 
Fourth  Edition,  Revised  and  Enlarged,  with  above  330  illustrations. 
l2mo,     4J.  cloth.  ^ list  published. 

yoints  ttsed  in  Buildings  Engineeri^ig.^  &c. 

THE  JOINTS  MADE  AND  USED  BY  BUILDERS  in  the 
construction  of  various  kinds  of  Engineering  and  Architectural 
works,  with  especiol  reference  to  those  wrought  by  artificers  in 
erecting  and  finishing  Habitable  Structures.  By  W.  J,  Christy, 
Architect.     With  160  Illustrations.      i2mo,  3^.  6</,  cloth  boards. 
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Handbook  of  Specifications, 

THE    HANDBOOK    OF   SPECIFICATIONS;  or,    Practical 

Guide  to  the  Architect,  Engineer,  Surveyor,  and  Builder,  in  drawing 
up  Specifications  and  Contracts  for  Works  and  Constructions. 
Illustrated  by  Precedents  of  Buildings  actually  executed  by  eminent 
Architects  and  Engineers.  By  Professor  Thomas  L.  Donald- 
son, M.I.B.A.  New  Edition,  in  One  large  volume,  8vo,  with 
upwards  of  1000  pages  of  text,  and  33  Plates,  cloth,  i/.  lu.  dd. 
"In  this  work  forty-four  specifications  of  executed  works  are.  given.  .  .  .  Donald- 
son's Handbook  of  Specifications  must  be  bought  by  all  architects." — BuiUUr. 

Specifications  for  Practical  Architecture. 

SPECIFICATIONS  FOR  PRACTICAL  ARCHITECTURE: 
A  Guide  to  the  Architect,  Engineer,  Surveyor,  and  Builder ;  with 
an  Essay  on  the  Structure  and  Science  of  Modern  Buildings.  By 
Frederick  Rogers,   Architect.     8vo,  15J.  cloth. 

*♦*  A  volume  of  specifications  ofa  practical  character  being  greatly  required,  and  the 
old  standard  work  of  Alfred  Bartholomew  being  out  of  print,  the  author,  on  the  basts 
of  that  work,  has  produced  the  above. — Extract  from  Preface. 

Designing,  Measuring,  and  Valuing. 

THE  STUDENTS  GUIDE  to  the  PRACTICE  of  MEA- 
SURINGand  VALUING  ARTIFICERS'  WORKS;  containing 
Directions  for  taking  Dimensions,  Abstracting  the  same,  and  bringing 
the  Quantities  into  Bill,  with  Tables  of  Constants,  and  copious 
Memoranda  for  the  Valuation  of  Labour  and  Materials  in  the  re- 
spective Trades  of  Bricklayer  and  Slater,  Carpenter  and  Joiner, 
Painter  and  Glazier,  Paperhanger,  &c.  With  9  Plates  and  47  Wood- 
cuts. Originally  edited  by  Edw^ard  Dobson,  Architect.  New 
Edition,  re-written,  with  Additions  on  Mensuration  and  Construc- 
tion, and  useful  Tables  for  facilitating  Calculations  and  Measure- 
ments.   By  E.  Wyndham  Tarn,  M.A.,  8vo,  \os.  6d.  cloth. 

•*  Well  fulfils  the  promise  of  its  title-page.  Mir.  Tarn's  additions  and  revisions  have 
much  increased  the  usefulness  of  the  work." — Engitieerinq;. 

Beaton  s  Pocket  Estimator. 

THE  POCKET  ESTIMATOR  FOR  THE  -BUILDING 
TRADES,  being  an  easy  method  of  estimating  the  various  parts 
of  a  Building  collectively,  more  especially  applied  to  Carpenters' 
and  Joiners'  work.  By  A.  C.  Beaton.  Second  Edition. 
Waistcoat-pocket  size.     \s.  6d. 

Beaton's  Builders'  and  Surveyors  Technical  Guide. 

THE  POCKET  TECHNICAL  GUIDE  AND  MEASURER 
FOR  BUILDERS  AND  SURVEYORS:  containing  a  Complete 
Explanation  of  the  Terms  used  in  Building  Construction,  Memo- 
randa for  Reference,  Technical  Directions  for  Measuring  Work  in 
all  the  Building  Trades,  &c.     By  A.  C.  Beaton,     ij.  6^. 

The  House-Owners  Estimator. 

THE  HOUSE-OWNER'S  ESTIMATOR ;  or,  What  will  it 
Cost  to  Build,  Alter,  or  Repair?  A  Price-Book  for  Unprofes- 
sional People,  Architectural  Surveyors,  Builders,  &c.  By  the  late 
James  D.  Simon.  Edited  by  F.  T.  W.  Miller,  A.R.LB.A. 
Third  Edition,  Revised.  Crown  8vo,  y.  6d.,  cloth. 
•**  In  two  years  it  will  repay  its  cost  a  hundred  times  over." — Fuld. 
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Cement. 

PORTLAND  CEMENT   FOR   USERS.     By  Henry  Faija, 
A.M.  Inst.  C.E.,  with  Illustrations.     Crown  8vo.  3^.  dd.  cloth. 
"  A  useful  compendium  of  results  for  the  builder  and  architect." — Building  News. 

Builders  and  Contractor s  Price  Book. 

LOCKWOOD  &  CO.'S  BUILDER'S  AND  CONTRACTOR'S 
PRICE  BOOK,  containing  the  latest  prices  of  all  kinds  of  Builders' 
Materials  and  Labour,  &c.  Revised  by  F.  T.  W.  Miller, 
A.  R.  I.  B.  A.     Half-bound,  4^. 


CARPENTRY,   TIMBER,   ETC. 
— ♦ — 

Tredgold^ s  Carpentry^  new  and  cheaper  Edition. 

THE    ELEMENTARY    PRINCIPLES   OF   CARPENTRY  : 
a  Treatise  on  the  Pressure  and  Equilibrium  of  Timber  Framing,  the 
Resistance  of  Timber,  and   the  Construction  of  Floors,   Arches, 
Bridges,  Roofs,  Uniting  Iron  and  Stone  with  Timber,  &c.    To  which 
is  added  an  Essay  on  the  Nature  and  Properties  of  Timber,  &c., 
with  Descriptions  of  the  Kinds  of  Wood  used  in  Building  ;  also 
numerous  Tables  of  the  Scantlings  of  Timber  for  different  purposes, 
the  Specific  Gravities  of  Materials,  &c.     By  Thomas  Tredgold, 
C.E.     Edited  by  Peter  Barlow,  F.R.S.     Fifth  Edition,  cor- 
rected and  enlarged.     With  64  Plates,  Portrait  of  the  Author,  and 
Woodcuts.     4to,  published  at  2.1.  2s.,  reduced  to  i/.  5^.  cloth. 
"A  work  whose  monumental  excellence  must  commend  it  wherever  skilful  car- 
pentry is  concerned.     The  Author's  principles  are  rather  confirmed  than  impaired  by 
time.     The  additional  plates  are  of  great  intrinsic  value." — Building  News. 

Grandys  Timber  Tables. 

THE   TIMBER   IMPORTER'S,    TIMBER    MERCHANT'S, 

&  BUILDER'S  STANDARD  GUIDE.      By  R.    E.  Grandy. 

2nd  Edition.    Carefully  revised  and  corrected.     i2mo,  35.  dd.  cloth. 

"  Everything  it  pretends  to  be  :  built  up  gradually,  it  leads  one  from  a  forest  to  a 

treenail,  and  throws  in,  as  a  makeweight,  a  host  of  material  concerning  bricks,  columns, 

cisterns,  &c. — all  that  the  class  to  whom  it  appeals  requires." — English  Mechanic. 

Timber  Freight  Book. 

THE  TIMBER  IMPORTERS'  AND  SHIPOWNERS' 
FREIGHT  BOOK  :  Being  a  Comprehensive  Series  of  Tables  for 
the  Use  of  Timber  Importers,  Captains  of  Ships,  Shipbrokers, 
Builders,  and  Others.     By  W.  Richardson.     Crown  8vo,  6s. 

Tables  for  Packing-Case  Makers. 

PACKING-CASE  TABLES  ;  showing  the  number  of  Superficial 
Feet  in  Boxes  or  Packing-Cases,  from  six  inches  square  and 
upwards.     By  W.  Richardson.     Oblong  4to,  3^.  6d.  cloth. 

"  Invaluable  labour-saving  tables." — Ironmonger. 

Carriage  Building,  &c. 

COACH  BUILDING:  A  Practical  Treatise,  Historical  and 
Descriptive,  containing  full  information  of  the  various  Trades  and 
Processes  involved,  with  Hints  on  the  proper  keeping  of  Carriages, 
&c.     57  Illustrations.     By  James  W.  Burgess.     i2mo,  3^.  cloth. 
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Horton^s  Measurer. 

THE  COMPLETE  MEASURER ;  setting  forth  the  Measure- 
ment  of  Boards,  Glass,  &c.  ;  Unequal-sided,  Square-sided,  Oc- 
tagonal-sided, Round  Tim])er  and  Stone,  and  Standing  Timber. 
Also  a  Table  showing  the  solidity  of  hewn  or  eight-sided  timber, 
or  of  any  octagonal -sided  column.  By  Richard  Horton. 
Fourth  Edit.  With  Additions,  i2mo,  strongly  bound  in  leather,  5/. 

Horto7is  Underwood  and  Woodland  Tables. 

TABLES  FOR  PLANTING  AND  VALUING  UNDER- 
WOOD  AND  WOODLAND  ;  also  Lineal,  Superficial,  Cubical, 
and  Decimal  Tables,  &c.     By  R.  Horton.     i2mo,  2.5.  leather. 

Nicholsons  Carpenter s  Guide, 

THE  CARPENTER'S  NEW  GUIDE ;  or,  BOOK  of  LINES 
for  CARPENTERS  :  comprising  all  the  Elementary  Principles 
essential  for  acquiring  a  knowledge  of  Carpentiy.  Founded  on  the 
late  Peter  Nicholson's  standard  work.  A  new  Edition,  revised 
by  Arthur  Ashpitel,  F.S.A.,  together  with  Practical  Rules  on 
Drawing,  by  George  Pyne.     With  74  Plates,  4to,  i/.  u.  cloth. 

Dowsing' s  Timber  Merchant's  Companion. 

THE  TIMBER  MERCHANT'S  AND  BUILDER'S  COM- 
PANION  ;  containing  New  and  Copious  Tables  of  the  Reduced 
Weight  and  Measurement  of  Deals  and  Battens,  of  all  sizes,  from 
One  to  a  Thousand  Pieces,  also  the  relative  Price  that  each  size 
bears  per  Lineal  Foot  to  any  given  Price  per  Petersburgh  Standard 
Himdred,  &c.,  &c.  Also  a  variety  of  other  valuable  information. 
By  W.  Dowsing.     Third  Edition.     Crown  8vo,  3^. 

Practical  Timber  Merchant. 

THE  PRACTICAL  TIMBER  MERCHANT,  being  a  Guide 
for  the  use  of  Building  Contractors,  Surveyors,  Builders,  &c., 
comprising  useful  Tables  for  all  purposes  connected  with  the 
Timber  Trade,  Essay  on  the  Strength  of  Timber,  Remarks  on  the 
Growth  of  Timber,  &c.  By  W^  RICHARDSON.  Fcap.  8vo,  y.  6d.  cl. 

Woodworking  Machiftery. 

WOODWORKING   MACHINERY;    its  Rise,    Progress,    and 
Construction.     W^ith  Hints  on  the  Management  of  Saw  Mills  and 
the  Economical  Conversion  of  Timber.     Illustrated  with  Examples 
of  Recent  Designs  by  leading   English,    French,    and   American 
Engineers.  By  M.  PowisBale,  M.I.M.E.  Crown 8vo,  12s.  6d.  cl. 
"  Mr.  Bale  is  evidently  an  expert  on  the  subject,  and  he  has  collected  so  much 
information  that  his  book  is  all-sufficient  for  builders  and  others  engaged  in  the  con- 
version of  timber." — Architect. 

"  The  most  comprehensive  compendium  of  wood-working   machinery  we  have 
seen.     The  author  is  a  thorough  master  of  his  subject. " — Building  News. 

Saw  Mills. 

^KSN  MILLS,  THEIR  ARRANGEMENT  AND  MANAGE- 
MENT, AND  THE  ECONOMICAL  CONVERSION  OF 
TIMBER,  (Being  a  Companion  Volume  to  "Woodworking 
Machinery.")  By  M.  Powis  Bale,  M.I.M.E.  With  numerous 
Illustrations.     Crown  8vo,  loj.  6^.,  cloth.  \Jttst published. 

c 
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~1       \  MECHANICS,   ETC. 

Turning.  — ^ — 

LATHE-WORK  :  a  Practical  Treatise  on  the  Tools,  Appliances, 
and  Processes  employed  in  the  Art  of  Turning.  By  Paul  N.  Has- 
LUCK.  Second  Edition,  thoroughly  Revised,  with  a  New  Chapter 
on  the  Screw-cutting  Lathe.     Crown  8vo,  5^.        \Jtist  published. 

Turning. 

THE  METAL  TURNER'S  HANDBOOK  :  A  Practical  Manual 
for  Workers  at  the  Foot-lathe.     By  Paul  N.  Hasluck.     With 
over  lOO  Illustrations.     Crown  8vo,  u.,  cloth. 
*#*  TJie  above  forjus  the  first  volume  <7/Husluck's  Handbooks  ox  Handicrafts. 
Other  Volumes  in  preparation. 

Mechanics  Workshop  Companion, 

THE    OPERATIVE    MECHANIC'S    WORKSHOP    COM- 
PANION, and  THE  SCIENTIFIC  GENTLEMAN'S  PRAC- 
TICAL ASSISTANT.    By  W.  Templeton.      13th  Edit.,  with 
Mechanical  Tables  for  Operative  Smiths,  Millwrights,  Engineers, 
&c. ;  and  an  Extensive  Table  of  Powers  and  Roots,  l2mo,  5^.  bound. 
"  Admirably  adapted  to  the  wants  of  a  very  large  class.     It  has  met  with  great 
success  in  the  engineering  workshop,  as  we  can  testify  ;  and  there  are  a  great  many 
men  who,  in  a  great  measure,  owe  their  rise  in  life  to  this  little  work." — Building  News. 

Engineers  and  Machinist' s  Assistant. 

THE  ENGINEER'S,  MILLWRIGHT'S,  and  MACHINIST'S 
PRACTICAL  ASSISTANT  ;  comprising  a  Collection  of  Useful 
Tables,  Rules,  and  Data.     By  Wm.  Templeton.     i8mo,  2s.  6d. 

Smith's  Tables  for  Mechaftics^  &c. 

TABLES,  MEMORANDA,  and  CALCULATED  RESULTS, 
FOR  MECHANICS,  ENGINEERS,  ARCHITECTS, 
BUILDERS,  &c.  Selected  and  Arranged  by  Francis  Smith. 
240pp.  Waistcoat-pocket  size,  \s.6d.,  limp  leather.  [Just published. 

Boiler  Making. 

THE  BOILER-MAKER'S  READY  RECKONER.  With 
Examples  of  Practical  Geometry  and  Templating,  for  the  use  of 
Platers,  Smiths,  and  Riveters.  By  John  Courtney,  Edited  by 
D.  K.  Clark,  M.  I.  C.E.     i2mo,  9J-.  half-bd. 

Superficial  Measurement, 

THE  TRADESMAN'S  GUIDE  TO  SUPERFICIAL  MEA- 
SUREMENT.  Tables  calculated  from  i  to  200  inches  in  length, 
by  I  to  108  inches  in  breadth.    By  J.  Hawkings.  Fcp.  y.  6d.  cl. 

The  High-Pressure  Steam  Engine. 

THE  HIGH-PRESSURE  STEAM  ENGINE.  By  Dr.  Ernst 
Alban.  Translated  from  the  German,  with  Notes,  by  Dr.  Pole, 
F.R.S.     Plates.     8vo,  ids.  6d.^  cloth. 

Steam  Boilers, 

A  TREATISE  ON  STEAM  BOILERS  :  their  Strength,  Con- 
struction,   and    Economical  Working.     By  R.    Wilson,    C.E. 
Fifth  Edition.     i2mo,  6s.  cloth. 
"I'he  best  treatise  that  has  ever  been  published  on  steam  boilers." — Engineer. 
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MATHEMATICS,  TABLES,  ETC. 

* 

Metrical  Units  and  Systems,  &c, 

MODERN  METROLOGY:  A  Manual  of  the  Metrical  Units 
and  Systems  of  the  present  Century.  With  an  Appendix  con- 
taining a  proposed  English  System.  By  Lowis  D'A.  Jackson, 
A.-M.  Inst.  C.E.,  Author  of  "  Aid  to  Survey  Practice,"  &c. 
Large  Crown  8vo,  \2s.  6(i.  cloth. 

Gregory  s  Practical  Mathematics. 

MATHEMATICS  for  PRACTICAL  MEN  ;  being  a  Common- 
place  Book  of  Pure  and  Mixed  Mathematics.  Designed  chiefly 
for  the  Use  of  Civil  Engineers,  Architects,  and  Surveyors.  Part  I. 
Pure  Mathematics— comprising  Arithmetic,  Algebra,  Geometry, 
Mensuration,  Trigonometry,  Conic  Sections,  Properties  of  Curves. 
Part  II.  Mixed  Mathematics — comprising  Mechanics  in  general, 
Statics,  Dynamics,  Hydrostatics,  Hydrodynamics,  Pneumatics, 
Mechanical  Agents,  Strength  of  Materials,  &c.  By  Olinthus  Gre- 
gory, LL.D.,  F.R.  A.S.  Enlarged  by  H.  Law,  C.E.  4th  Edition, 
revised  by  Prof.  J.  R.  Young.   With  13  Plates.  8vo,  i/.  \s.  cloth. 

Mathematics  as  applied  to  the  Constructive  Arts, 

A  TREATISE  ON  MATHEMATICS  AS  APPLIED  TO 
THE  CONSTRUCTIVE  ARTS.  Illustrating  the  various  pro- 
cesses of  Mathematical  Investigation  by  means  of  Arithmetical  and 
simple  Algebraical  Equations  and  Practical  Examples,  &c.  By 
Francis  Campin,  C.E.     i2mo,  3^,  ^d.  cloth. 

Geometry  for  the  Architect ,  Engineer,  &c. 

PRACTICAL  GEOMETRY,  for  the  Architect,  Engineer,  and 
Mechanic.  By  E.  W.  Tarn,M.A.  With  Appendices  on  Diagrams 
of  Strains  and  Isometrical  projection.     Demy  8vo,  9j.  cloth. 

Practical  Geometry. 

THE  GEOMETRY  OF  COMPASSES,  or  Problems  Resolved 
by  the  Mere  Description  of  Circles,  and  the  Use  of  Coloured 
Diagrams  and  Symbols.  By  Oliver  Byrne.  Coloured  Plates, 
Crown  Svo,  3^.  6^.,  cloth. 

The  Metric  System. 

A  SERIES  OF  METRIC  TABLES,  hi  which  the  British 
Standard  Measures  and  Weights  are  compared  with  those  of  the 
Metric  System  at  present  in  use  on  the  Continent  By  C.  H, 
DowLiNG,  C.E.    2nd  Edit,  revised  and  enlarged.  Svo,  ioj.  6^.  cL 

Inwood's  Tables y  greatly  enlarged  and  improved, 

TABLES  FOR  THE  PURCHASING  of  ESTATES,  Freehold, 
Copyhold,  or  Leasehold:  Annuities,  Advowsons,  &c.,  and  for  the 
Renewing  of  Leases ;  also  for  Valuing  Reversionary  Estates,  De- 
ferred Annuities,  &c.  By  William  In  wood.  21st  edition,  with 
Tables  of  Logarithms  for  the  more  Diiiicult  Computations  of  the 
Interest  of  Money,  &c.  By  M.  F^dor  Thoman.  i2mo.  Sj.  cloth. 
"  Those  interested  in  the  purchase  and  sale  of  estates,  and  in  the  adjustment  of 

compensation  cases,  as  well  as  in  transactions  in  annuities,  life  insurances,  &c,,  will 

find  the  present  edition  of  eminent  service." — En^Tteering. 

C  2 
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Weights,  Measures,  Moneys,  &c, 

MEASURES,  WEIGHTS,  and  MONEYS  of  all  NATIONS, 
Entirely  New  Edition,  Revised  and  Enlarged.  By  W.  S.  B. 
WoOLHOUSE,  F.R.A.S.     i2mo,  2s.  6d.  cloth  boards. 

Compound  Interest  and  Annuities. 

THEORY  of  COMPOUND  INTEREST  and  ANNUITIES  ; 
with  Tables  of  Logarithms  for  the  more  Difficult  Computations  of 
Interest,  Discount,  Annuities,  &c.,  in  all  their  Applications  and 
Uses  for  Mercantile  and  State  Purposes.  By  Fedor  Thoman, 
of  the  Societe  Credit  Mobilier,  Paris.    3rd  Edit.,  i2mo,  4J.  dd.  cl. 

Iron  and  Metal  Trades'  Calculator. 

THE  IRON  AND  METAL  TRADES'  COMPANION: 
Being  a  Calculator  containing  a  Series  of  Tables  upon  a  new  and 
comprehensive  plan  for  expeditiously  ascertaining  the  value  of  any 
goods  bought  or  sold  by  weight,  from  is.  per  cwt.  to  i\2s.  per 
cwt.,  and  from  one  farthing  per  lb.  to  \s.  per  lb.  Each  Table  ex- 
tends from  one  lb.  to  100  tons.  ByT.  DowNiE,  396  pp.,  9^.,  leather. 

Iron  and  Steel. 

IRON  AND  STEEL:  a  Work  for  the  Forge,  Foundry, 
Factory,  and  Office.  Containing  Information  for  Ironmasters  ; 
Civil,  Mechanical,  and  Mining  Engineers ;  Architects,  Builders,  &c. 
By  Charles  Hoare.  Eighth  Edit.  Oblong  32mo,  6j.,  leather. 

Comprehensive  Weight  Calctdator. 

THE  WEIGHT  CALCULATOR,  being  a  Series  of  Tables 
upon  a  New  and  Comprehensive  Plan,  exhibiting  at  one  Reference 
the  exact  Value  of  any  Weight  from  lib.  to  15  tons,  at  300  Pro- 
gressive Rates,  from  i  Penny  to  168  Shillings  per  cwt.,  and  con- 
taining 186,000  Direct  Answers,  which,  with  their  Combinations, 
consisting  of  a  single  addition,  will  affijrd  an  aggregate  of  10,266,000 
Answers  ;  the  whole  being  calculated  and  designed  to  ensure 
Correctness  and  promote  Despatch.  By  Henrv  Harben, 
Accountant.     New  Edition.     Royal  8vo,  \l.  5^.,  half-bound. 

Comprehensive  Discount  Guide. 

THE  DISCOUNT  GUIDE  :  comprising  Tables  for  the  use  of 
Merchants,  Manufacturers,  Ironmongers,  and  others,  by  which 
may  be  ascertained  the  exact  profit  arising  from  any  mode  of  using 
Discounts,  either  in  the  Purchase  or  Sale  of  Goods,  and  the  method 
of  either  Altering  a  Rate  of  Discount,  or  Advancing  a  Price,  so  as 
to  produce,  by  one  operation,  a  sum  that  will  realise  any  required 
profit  after  allowing  one  or  more  Discounts :  to  which  are  added 
Tables  of  Profit  or  Advance  from  i|  to  90  per  cent..  Tables  of 
Discount  from  \\\.o  98I  per  cent.,  and  Tables  of  Commission,  &c.^ 
from  \  to  10  per  cent.     By  H.  Harben,  8yo,  i/.  5^.,  half-bound. 

Mathematical  Inst7^u77tents. 

MATHEMATICAL  INSTRUMENTS:  Their  Construction, 
Adjustment,  Testing,  and  Use  ;  comprising  Drawing,  Measuring, 
Optical,  Surveying,  and  Astronomical  Instruments.  By  J.  F. 
Heather,  M.A.     Enlarged  Edition.     i2mo,  5^.  cloth. 
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SCIENCE   AND   ART. 
Gold  and  Gold-Working, 

THE  GOLDSMITH'S  HANDBOOK  :  containing  full  instruc- 
tions  for  the  Alloying  and  Working  of  Gold.  Including  the  Art  of 
Alloying,  Melting,  Reducing,  Colouring,  Collecting  and  Refining. 
Chemical  and  Physical  Properties  of  Gold,  with  a  new  System  of 
Mixing  its  Alloys ;  Solders,  Enamels,  &c.  By  George  E.  Gee. 
Second  Edition,  enlarged.  i2mo,  3^.  dd.  cloth. 
"  The  best  work  yet  printed  on  its  subject  for  a  reasonable  price."  — ye^veller. 
"  Essentially  a  practical    manual,  well  adapted  to  the  wants  of  amateurs   and 

apprentices,  containing   trustworthy  information  that    only  a   practical   man  can 

supply." — Ent^lish  Mechanic. 

Silver  and  Silver  Working. 

THE  SILVERSMITH'S  HANDBOOK,  containing  full  In- 
structions for  the  Alloying  and  Working  of  Silver.  Including  the 
different  Modes  of  Refining  and  Melting  the  Metal,  its  Solders,  the 
Preparation  of  Imitation  Alloys,  &c.  By  G.  E.  Gee.  i2mo,  3J.  (>d. 
"  The  chief  merit  of  the  work  is  its  practical  character.  The  workers  in  the  trade 
will  speedily  discover  its  merits  when  they  sit  down  to  study  it." — English  Mechanic, 

Hail-Marking  of  Jewellery. 

THE  HALL-MARKING  OF  JEWELLERY  PRACTICALLY 
CONSIDERED,  comprising  an  account  of  all  the  different  Assay 
Towns  of  the  United  Kingdom ;  with  the  Stamps  at  present 
employed  ;  also  the  Laws  relating  to  the  Standards  and  Hall- 
Marks  at  the  various  Assay  Offices  ;  and  a  variety  of  Practical 
Suggestions  concerning  the  Mixing  of  Standard  Alloys,  &c.  By 
George  E.  Gee.    Crown  8vo,  5^.  cloth.  \Just published. 

Electro- Platifig,  &c. 

ELECTROPLATING:     A   Practical   Handbook.      By   J.    W. 
Urquhart,  C.E.     Crown  8vo,  ^s.  cloth. 
"Any  ordinarily  intelligent  person   may  become  an  adept  in  electro-deposition 
with  a  very  little  science  indeed,  and  this  is  the  book  to  show  the  way." — Builder. 

Electro  typing,  &c. 

ELECTROTYPING  :  A  Practical  Manual  on  the  Reproduction 
and  Multiplication  of  Printing  Surfaces  and  Works  of  Art  by  the 
Electro-deposition    of   Metals.     By    J.    W.    Urquhart,    C.E. 
Crown  8vo,  ^s.  cloth. 
"A  guide  to  beginners  and  those  who  practise  the  old  and  imperfect  methods." — Iron. 

Electi'o-Plating. 

ELECTRO-METALLURGY  PRACTICALLY  TREATED. 
By  Alexander  Watt,  F.R.S.S.A.  Including  the  Electro- 
Deposition  of  Copper,  Silver,  Gold,  Brass  and  Bronze,  Platinum, 
Lead,  Nickel,  Tin,  Zinc,  Alloys  of  Metals,  Practical  Notes,  «&:c., 
&c.  Eighth  Edition,  Revised,  with  Additional  matter  and 
Illustrations,  including  the  most  recent  Processes.  i2mo,  3J.  6^., 
cloth.  [Just  published. 

"  From  this  book  both  amateur  and  artisan  may  learn  everything  necessary  for 

the  successful  prosecution  of  electroplating." — Iron. 

"  A  practical  treatise  for  the  use  of  those  who  desire  to  work  in  the  art  of  electro- 

jgpOsition  as  a  business." — English  Mechanic, 
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Dentistry. 

MECHANICAL  DENTISTRY.  A  Practical  Treatise  on  the 
Construction  of  the  various  kinds  of  Artificial  Dentures.  Com- 
prising also  Useful  Formulae,  Tables,  and  Receipts  for  Gold 
Plate,  Clasps,  Solders,  etc.,  etc.  By  Charles  Hunter.  Second 
Edition,  Revised  ;  including  a  new  chapter  on  the  use  of  Celluloid. 
With  over  loo  Engravings.  Crown  8vo,  7^.  6^.,  cloth. 
"An  authoritative  treatise,  which  we  can  strongly  recommend  to  all  students."— 
Dublin  Journal  of  Medical  Science. 

Electricity. 

A  MANUAL  of  ELECTRICITY ;  including  Galvanism,  Mag- 
netism,  Diamagnetism,  Electro -Dynamics,  Magneto- Electricity,  and 
the  Electric  Telegraph.  By  Henry  M.  Noad,  Ph.D.,  F.C.S. 
Fourth  Edition,  with  500  Woodcuts.  8vo,  l/.  4^.  cloth. 
"The  accounts  given  of  electricity  and  galvanism  are  not  only  complete  in  a  scientific 
sense,  but,  which  is  a  rarer  thing,  are  popular  and  interesting." — Lancet. 

Text-Book  of  Electricity. 

THE  STUDENT'S  TEXT-BOOK  OF  ELECTRICITY.  By 
Henry  M.  Noad,  Ph.D.,  F.R.S.,  &c.  New  Edition,  Revised. 
With  an  Introduction  and  Additional  Chapters  by  W.  H.  Preece, 
M.I.C.E.,  Vice-President  of  the  Society  of  Telegraph  Engineers, 
&c.  With  470  Illustrations.  Crown  8vo,  I2j.  dd.  cloth. 
"A  reflex  of  the  existing  state  of  Electrical  Science  adapted  for  students."  — 
W.  H.  Preece,  Esq.,  vide  "  Introduction." 

"  We  can  recommend  Dr.  Noad's  book  for  clear  style,  great  range  of  subject,  a 
good  index,  and  a  plethora  of  woodcuts.  Such  collections  as  the  present  are  indis- 
pensable."— A  thetiunm. 

"  An  admirable  text-book  for  every  student— beginner  or  advanced— of  electricity." 
—Engineering: 

-"  Recommended  to  students  as  one  of  the  best  textbooks  on  the  subject  that  they 
can  have.  Mr.  Preece  appears  to  have  introduced  all  the  newest  inventions  in  the  shape 
of  telegraphic,  telephonic,  and  electric-lighting  apparatus." — English  Mechanic, 

"  Under  the  editorial  hand  of  Mr.  Preece  the  late  Dr.  Noad's  text  book  of  elec* 
ricity  has  grown  into  an  admirable  handbook." — Westminster  Review. 

Electric  Lighting. 

ELECTRIC  LIGHT  :  Its  Production  and  Use,  embodying  plain 
Directions  for  the  Treatment  of  Voltaic  Batteries,  Electric  Lamps, 
and  Dynamo-Electric  Machines.  By  J.  W.  Urquhart,  C.E., 
Author  of  "  Electroplating."  Edited  by  F.  C.  Webb,  M.LC.E., 
M.S.T.E.  2nd  Edition,  Carefully  Revised,  with  Large  Additions 
and  128  Illustrations.     Cr.  8vo,  7j.  (>d.  cloth.  {Just published. 

' '  The  book  is  by  far  the  best  that  we  have  yet  met  with  on  the  subj  ect." — A  tJiefUBtim. 

"An  important  addition  to  the  literature  of  the  electric  light.  Students  of  the 
subject  should  not  fail  to  read  it." — Colliery  Guardian. 

Lightning,  &c. 

THE  ACTION  of  LIGHTNING,  and  the  MEANS  of  DE- 
FENDING LIFE  AND  PROPERTY  FROM  ITS  EFFECTS. 
By  Major  Arthur  Parnell,  R.E.     i2mo,  Js.  6d.  cloth. 

'  Major  Parnell  has  written  an  original  work  on  a  scientific  subject  of  unusual  inte- 
rest ;  and  he  has  prefaced  his  arguments  by  a  patient  and  almost  exhaustive  citation 
of  the  best  writers  on  the  subject  in  the  English  language." — Athencetau. 

'  The  work  comprises  all  that  is  actually  known  on  the  subject." — Land. 
"  Major  Parnell's  measures  are  based  on  the  results  of  experience.     A  valuable 
repertoire  of  facts  and  principles  arranged  in  a  scientific  form." — Btiildins;  News. 
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The  Alkali  Trade — Sulplniric  Acid,  &c. 

A  MANUAL  OF  THE  ALKALI  TRADE,  including  the 
Manufacture  of  Sulphuric  Acid,  Sulphate  of  Soda,  and  Bleaching 
Powder.  By  John  Lomas,  Alkali  Manufacturer.  With  232  Illus- 
trations and  Working  Drawings,  and  containing  386  pages  of  text. 
Super-royal  8vo,  2/.   12s.  dd.  cloth. 

This  work  provides  (i)  a  Complete  H  andbook  for  intending  Alkali  a?td  Sulphuric 
Acid  Manufacturers,  and  for  those  already  in  the  field  who  desire  to  improve  their 
plant,  or  to  become  practically  acquainted  with  the  latest  processes  and  developvtenti 
of  the  trade  l  (a)  a  Handy  Volume  which  Manufacturers  can  put  into  the  hands  of 
tfieir  Managers  and  Foremen  as  a  useful  ^ide  in  their  daily  rounds  of  duty. 

Synopsis  of  Contents. 


Chap.  I.  Choice  of  Site  and  General 
Plan  of  Works— II.  Sulphuric  Acid— 
III.  Recovery  of  the  Nitrogen  Com- 
pounds, and  Treatment  of  Small  Pyrites 
—IV.  The  Salt  Cake  Process— V.  Legis- 
lation upon  the<  Noxious  Vapours  Ques- 
tion— VI.  The  Hargreaves'  and  Jones' 
Processes— y  1 1.  The  Balling  Process— 
VIII.    Lixiviation  and    Salting  Down — 


IX.  Carbonating  or  Finishing — X.  Sod 
Crystals  —  XI.  Refined  Alkali  —  XII. 
Caustic  Soda  —  XIII.  Bi-carbonate  of 
Soda  — XIV.  Bleaching  Powder— XV. 
Utilisation  of  Tank  Waste— XVI.  General 
Remarks— Four  Appendices,  treating  of 
Yields,  Sulphuric  Acid  Calculations,  Ane- 
mometers, and  Foreign  Legislation  upoD 
the  Noxious  Vapours  Question. 


"The  author  has  g^ven  the  fullest,  most  practical,  and,  to  all  concerned  in  the 
alkali  trade,  most  valuable  mass  of  information  that,  to  our  knowledge,  has  been 
published  in  any  language." — Engineer. 

"  Tbis  book  is  written  by  a  manufacturer  for  manufacturers.  The  working  details 
of  the  most  approved  forms  of  apparatus  are  given,  and  these  are  accompanied  by 
no  less  than  232  wood  engravings,  all  of  which  may  be  used  for  the  purposes  of  con- 
struction. Every  step  in  the  manufacture  is  very  fully  described  m  this  manual,  and 
each  improvement  explained.  Everything  which  tends  to  introduce  economy  into 
the  technical  details  of  this  trade  receives  the  fullest  attention." — Atkenajim. 

"The  author  is  not  one  of  those  clever  compilers  who,  on  short  notice,  will  'read 
up'  any  conceivable  subject,  but  a  practical  man  in  the  best  sense  of  the  word.  We 
find  here  not  merely  a  sound  and  luminous  explanation  of  the  chemical  principles  of 
the  trade,  but  a  notice  of  numerous  matters  which-  have  a  most  important  bearing 
on  the  successful  conduct  of  alkali  works,  but  which  are  generally  overlooked  by 
even  the  most  experienced  technological  authors." — Chemical  Review. 

Soapmaking. 

A  HANDBOOK  OF  THE  ART  OF  SOAPMAKING,  in- 
cluding the  Manufacture  of  Hard  and  Soft  Soaps,  Toilet  Soaps, 
Medicated  and  Special  Soaps,  Bleaching  and  Purifying  Oils  and 
Fats,  Recovery  of  Glycerine,  &c.  With  a  Series  of  Engravings. 
By  Alexander  Watt,  Author  of  **  Electro- Metallurgy  Practically 
Considered,"  &c.     8vo.  [In  the  Press ^ 

Chemical  Analysis. 

THE  COMMERCIAL  HANDBOOK  of  CHEMICAL  ANA- 
LYSIS ;  or  Practical  Instructions  for  the  determination  of  the  In- 
trinsic or  Commercial  Value  of  Substances  used  in  Manufactures, 
in  Trades,  and  in  the  Arts.  By  A.  Normandy.  New  Edition. 
Enlarged,  and  to  a  great  extent  re-written,  by  Henry  M.  Noad, 
Ph.D.,F.R.S.  With  numerous  Illustrations.    Cr.  8vo,  1 2J. 6^. cloth. 

"  We  recommend  this  book  to  the  careful  perusal  of  every  one  ;  it  may  be  truly 
affirmed  to  be  of  universal  interest,  and  we  strongly  recommend  it  as  a  guide,  alike 
indispensable  to  the  housewife  as  to  the  pharmaceutical  practitioner."—  Medical Titnes. 

"  Essential  to  the  analysts  appointed  under  the  new  Act.  The  most  recent  results 
are  given,  and  the  work  is  well  edited  JUid  carefully  wriiten." — Nature, 
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Dr,  Lardners  Museum  of  Science  and  Art, 

THE  MUSEUM  OF  SCIENCE  AND  ART.  Edited  by 
DiONYSius  Lardner,  D.C.L.,  formerly  Professor  of  Natural  Phi- 
losophy and  Astronomy  in  University  College,  London.  With  up- 
wards of  I2CX)  Engravings  on  Wood.  In  6  Double  Volumes. 
Price  ;^i  IS.,  in  a  new  and  elegant  cloth  binding,  or  handsomely 
bound  in  half  morocco,  3IJ.  6d. 

OPINIONS    OF   THE    PRESS. 

"  This  series,  besides  affording  popular  but  sound  instruction  on  scientific  subjects, 
with  which  the  humblest  man  in  the  country  ought  to  be  acquainted,  also  undertakes 
that  teaching  of  'common  things'  which  every  well-wisher  of  his  kind  is  anxious  to 
promote.  Many  thousand  copies  of  this  serviceable  pubhcation  have  been  printed, 
in  the  belief  and  hope  that  the  desire  for  instruction  and  improvement  widely  pre- 
vails ;  and  we  have  no  fear  that  such  enlightened  faith  will  meet  with  disappoint- 
ment"—Tm^j. 

"A  cheap  and  interesting  publication,  alike  informing  and  attractive.  The  papers 
combine  subjects  of  importance  and  great  scientific  knowledge,  considerable  induc- 
tive powers,  and  a  popular  style  of  treatment." — Spectator. 

"The  'Museum  of  Science  and  Art'  is  the  most  valuable  contribution  that  has 
ever  been  made  to  the  Scientific  Instruction  of  every  class  of  society." — Sir  David 
Brewster  in  the  North  British  RevieTv. 

"  Whether  we  consider  the  liberality  and  beauty  of  the  illustrations,  the  charm  of 
the  writing,  or  the  durable  interest  of  the  matter,  we  must  express  our  belief  that 
there  is  hardly  to  be  found  among  the  new  books,  one  that  would  be  welcomed  by 
people  of  so  many  ages  and  classes  as  a  valuable  present." — Examiner. 

*»*    Separate  books  formed  from  the  above,  suitable  for  Workmen's 
Libraries,  Science  Classes,  6^c. 

COMMON  THINGS  EXPLAINED.  Containing  Air,  Earth,  Fire, 
Water,  Time,  Man,  the  Eye,  Locomotion,  Colour,  Clocks  and 
Watches,  &c.     233  Illustrations,  cloth  gilt,  ^s. 

THE  MICROSCOPE.  Containing  Optical  Images,  Magnifying 
Glasses,  Origin  and  Description  of  the  Microscope,  Microscopic 
Objects,  the  Solar  Microscope,  Microscopic  Drawing  and  Engrav- 
ing, &c.     147  Illustrations,  cloth  gilt,  2s. 

POPULAR  GEOLOGY.  Containing  Earthquakes  and  Volcanoes, 
the  Crust  of  the  Earth,  etc.    201  Illustrations,  cloth  gilt,  2s.  6d. 

POPULAR  PHYSICS.  Containing  Magnitude  and  Minuteness,  the 
Atmosphere,  Meteoric  Stones,  Popular  Fallacies,  Weather  Prog- 
nostics, the  Thermometer,  the  Barometer,  Sound,  &c.  85  Illus- 
trations, cloth  gilt,  2s.  6d. 

STEAM  AND  ITS  USES.  Including  the  Steam  Engine,  the  Lo- 
comotive,  and  Steam  Navigation.     89  Illustrations,  cloth  gilt,  2s. 

POPULAR  ASTRONOMY.  Containing  How  to  Observe  the 
Heavens.  The  Earth,  Sun,  Moon,  Planets.  Light,  Comets, 
Eclipses,  Astronomical  Influences,  &c.     182  Illustrations,  4s.  6d. 

THE  BEE  AND  WHITE  ANTS  :  Their  Manners  and  Habits. 
With  Illustrations  of  Animal  Instinct  and  Intelligence.  135  Illus- 
trations, cloth  gilt,  2s. 

THE  ELECTRIC  TELEGRAPH  POPULARISED.  To  render 
intelligible  to  all  who  can  Read,  irrespective  of  any  previous  Scien- 
tific Acquirements,  the  various  forms  of  Telegraphy  in  Actual 
Operation.     100  Illustrations,  cloth  gilt,  is.  6d. 
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Dr.  Lardnef^s  Handbooks  of  Natural  Philosophy. 

•«♦  Tfu  foUoiving  five  volumes,  though  each  is  Complete  in  itself,  and  to  be  pur- 
chased separately, /ornt  A  CoMi'LETH  Course  ok  Natural  Philosophy,  and  are 
intended  for  the  general  reader  ivho  desires  to  attain  accurate  knowledge  of  ilie 
various  departments  of  Physical  Science,  without  pursuing  Hum  according  to  the 
more  profound  methods  of  mathematical  investigation.  The  style  is  studiously 
popular.  It  has  been  the  author's  aim  to  supply  Manuals  such  as  are  required  by 
tlie  Student,  the  Engineer,  the  Artisan,  and  the  superior  classes  in  Schools. 

THE  HANDBOOK  OF  MECHANICS.  Enlarged  and  almost 
rewritten  by  Benjamin  Loewy,  F.R.A.S.  "With  378  Illustra- 
tions.    Post  8vo,  6s.  cloth. 

"  The  perspicuity  of  the  original  has  been  retained,  and  chapters  which  had 
become  obsolete,  have  been  replaced  by  others  of  more  modern  character.  The 
explanations  throughout  are  studiously  popular,  and  care  has  been  taken  to  show 
the  application  of  the  various  branches  of  physics  to  the  industrial  arts,  and  to 
the  practical  business  of  life." — Mining  Journal. 

THE   HANDBOOK  of  HYDROSTATICS   and  PNEUMATICS. 
New   Edition,    Revised  and  Enlarged    by   Benjamin    Loewy, 
F.R.A,S.  With  236  Illustrations.  Post  Svo,  5^.  cloth. 
"  For  those  '  who  desire  to  attain  an  accurate  knowledge  of  physical  science  with- 
out the  profound  methods  of  mathematical  investigation,'  this  work  is  not  merely  in- 
tended, but  well  adapted." — Chemical  News. 

THE  HANDBOOK  OF  HEAT.  Edited  and  almost  entirely 
Rewritten  by  Benjamin  Loewy,  F.R.A.S.,  etc.  117  Illustra- 
tions.    Post  Svo,  6j.  cloth. 

"  The  style  is  always  clear  and  precise,  and  conveys  instruction  without  leaving 
any  cloudiness  or  lurking  doubts  behind." — Engineering, 

THE  HANDBOOK  OF  OPTICS.  New  Edition.  Edited  by 
T.  Olver  Harding,  B.  A.  298  Illustrations.  Post  8vo,  <,s.  cloth. 

'*  Written  by  one  of  the  ablest  English  scientific  writers,  beautifully  and  elaborately 
illustrated. "—  Mechanics'  Magazine. 

THE    HANDBOOK    OF    ELECTRICITY,    MAGNETISM,  and 

ACOUSTICS.     New  Edition.     Edited  by  Geo.  Carey  Foster, 

B.A.,  F.C.S.    With  400  Illustrations.     Post  Svo,  $3.  cloth. 

"  The  book  could  not  have  been  entrusted  to  any  one  better  calculated  to  preserve 

the  terse  and  lucid  style  of  Lardner,  while  correcting  his  errors  and  bringing  up  his 

work  to  the  present  state  of  scientific  knowledge." — Popular  Science  Review. 

Dr.  Lardner  s  Handbook  of  Astronomy. 

THE    HANDBOOK    OF    ASTRONOMY.     Forming  a  Com- 
panion to  the  "Handbooks  of  Natural  Philosophy."     By  Diony- 
sius  Lardner,  D.C.L.     Fourth  Edition.     Revised  and  Edited  by 
Edwin  Dunkin,  F.R.S.,  Royal  Observatory,  Greenwich.     With 
38  Plates  and  upwards  of  100  Woodcuts.     In  i  vol.,  small  Svo, 
550  pages,  9J-.  6d.,  cloth. 
"Probably  no  other  book  contains  the  same  amount  of  information  in  so  com- 
pendious and  well-arranged  a  form — certainly  none  at  the  price  at  which  this  is 
offered  to  the  '^\xh\\c."—AthetuxHtn. 

"  We  can  do  no  other  than  pronounce  this  work  a  most  valuable  manual  of  astro- 
nomy, and  we  strongly  recommend  it  to  all  who  wish  to  acquire  a  general — but  at 
the  same  time  correct — acquaintance  with  this  sublime  science." — Quarterly  foumdl 
of  Scietice. 

Dr.  Lardner  s  Handbook  of  Animal  Physics. 

THE    HANDBOOK    OF     ANIMAL    PHYSICS.      By    Dr. 
Lardner.     With   520  Illustrations.     New  edition,   small    Svo, 
cloth,  732  pages,  7^.  dd. 
"  We  have  no  hesitation  in  cordially  recommendbg  it" — Educaticnal  Times. 
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Dr.  Lardner's  School  Handbooks, 

NATURAL  PHILOSOPHY  FOR  SCHOOLS.  By  Dr.  Lardner. 

328  Illustrations.      Sixth  Edition.      I  vol.  3J.  dd.  cloth. 
"  Conveys,  in  clear  and  precise  terms,  general  notions  of  all  the  principal  divisions 
of  Physical  Science." — British  Quarterly  Review. 

ANIMAL  PHYSIOLOGY  FOR  SCHOOLS.  By  Dr.  Lardner. 

With  190  Illustrations.     Second  Edition,     i  vol.  3^.  dd.  cloth. 
"Clearly  written,  well  arranged,  and  excellently  illustrated." — Gardeners'  Chronicle. 

Dr.  Lardner  s  Electric  Telegraph. 

THE    ELECTRIC  TELEGRAPH.     By  Dr.  Lardner.    New 
Edition.     Revised   and  Re-written,   by  E.  B.  Bright,  F.R. A. S. 
140  Illustrations.     Small  8vo,  2j.  dd.  cloth. 
*'  One  of  the  most  readable  books  extant  on  the  Electric  Telegraph." — Eng.  Mechanic. 

Mollusca. 

A  MANUAL  OF  THE  MOLLUSCA  ;  being  a  Treatise  on 
Recent  and  Fossil  Shells.  By  Dr.  S.  P.  Woodward,  A.L.S. 
With  Appendix  by  Ralph  Tate,  A.L.S.,  F.G.S.  With  numer- 
ous Plates  and  300  Woodcuts.     3rd  Edition.   Cr.  Svo,  "js.  6d,  cloth. 

Geology  and  Genesis. 

THE  TWIN  RECORDS  OF  CREATION  ;  or,  Geology  and 
Genesis,  their  Perfect  Harmony  and  Wonderful  Concord.  By 
George  W.  Victor  le  Vaux.  Fcap.  Svo,  5^.  cloth. 

"A  valuable  contribution  to  the  evidences  of  revelation,  and  disposes  very  conclu- 
sively of  the  arguments  of  those  who  would  set  God's  Works  against  God's  Word, 
No  real  difficulty  is  shirked,  and  no  sophistry  is  left  unexposed." — The  Rock. 

Science  and  Scripture. 

SCIENCE  ELUCIDATIVE  OF  SCRIPTURE,  AND  NOT 
ANTAGONISTIC  TO  IT.     By  Prof.  J.  R.  Young.    5^.  cloth. 

Geology. 

A  CLASS-BOOK  OF  GEOLOGY:  Consisting  of  "Physical 
Geology,"  which  sets  forth  the  Leading  Principles  of  the  Science  ; 
and  "Historical  Geology,"  which  treats  of  the  Mineral  and  Organic 
Conditions  of  the  Earth  at  each  successive  epoch,  especial  reference 
being  made  to  the  British  Series  of  Rocks.  By  Ralph  Tate. 
With  more  than  250  Illustrations.     Fcap.  Svo,  $s.  cloth. 

Practical  Philosophy. 

A  SYNOPSIS  OF  PRACTICAL  PHILOSOPHY.  By  Rev, 
John  Carr,  M.A.,  late  Fellow  of  Trin.  Coll.,  Camb.    iSmo,  5j.  cl. 

Pictures  and  Painters. 

THE  PICTURE  AMATEUR'S  HANDBOOK  AND  DIC- 
TIONARY OF  PAINTERS  :  A  Guide  for  Visitors  to  Picture 
Galleries,  and  for  Art-Students,  including  methods  of  Painting, 
Cleaning,  Re-Lining,  and  Restoring,  the  Principal  Schools  of 
Painting.  With  Notes  on  Copyists  and  Imitators  of  each  Master. 
By  Philippe  Daryl,  B.A.     Cr.  Svo,  3^-.  cloth. 

"  A  really  admirable  dictionary  of  painters,  which  we  cordiallj-  recommend." — 
>  Builder. 

"  A  guide  to  the  authorship,  quality,  and  value  of  a  picture,  and  furnishes  the 
fundamental  knowledge  necessary  to  amateurs." — Saturday  Revitrw. 
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Clocks,  Watches,  and  Bells. 

RUDIMENTARY  TREATISE  on  CLOCKS,  and  WATCHES, 

and  BELLS.     By  Sir  Edmund  Beckett,  Bart.,  LL.D.,  Q.C., 

F.R.A.S.      Seventh  Edition,  revised  and  enlarged.     Limp  cloth 

(No.  67,  Weale's  Series),  4J.  U. ;  cl.  bds.  5 j.  dd.  IJust  published. 

"The  best  work  on  the  subject  extant.      The  treatise  on  bells  is  undoubtedly 

the  best  in  the  language."— £«i'»W^r«>/(e'.  .     ,^  . 

"The  only  modern  treatise  on  dock-making."— ffaroloitcai  ycumai. 

The  Construction  of  the  Organ. 

PRACTICAL   ORGAN-BUILDING.      By  W.   E.    Dickson, 
M.  A.,  Precentor  of  Ely  Cathedral.    Second  Edition,  revised,  with 
Additions.      1 2 mo,  3 j.  cloth  boards. 
"  In  many  respects  the  book  is  the  best  that  has  yet  appeared  on  the  subject.     We 
cordially  recommend  it."  —Englisk  Mechanic. 

"The  amateur  builder  will  find  in  this  book  all  that  is  necessary  to  enable  him 
personally  to  construct  a  perfect  organ  with  his  own  \i3LXid&."— Academy. 

Brewing. 

A  HANDBOOK  FOR  YOUNG  BREWERS.  By  Herbert 
Edwards  Wright,  B.A.     Crown  8vo,  3.?.  6d.  cloth. 

"  A  thoroughly  scientific  treatise  in  popular  language."— Morfttnj^  A  Jveriiser. 
"  We  would  particularly  recommend  teachers  of  the  art  to  place  it  in  every  pupil  s 
hands,  and  we  feel  sure  its  perusal  will  be  attended  with  &dv!inta.ge."—£rewer. 

Dye-  Wares  and  Colours. 

THE  MANUAL  of  COLOURS  and  DYE-WARES:  their 
Properties,  Applications,  Valuation,  Impurities,  and  Sophistications. 
For  the  Use  of  Dyers,  Printers,  Drysalters,  Brokers,  &c.  By  J. 
W.  Slater.  Second  Edition.  Re-written  and  Enlarged.  Crown 
8vo,  yj.  dd,  cloth. 

Grammar  of  Colouring. 

A  GRAMMAR  OF  COLOURING,  applied  to  Decorative 
Painting  and  the  Arts.  By  George  Field.  New  edition.  By 
Ellis  A.  Davidson.     i2mo,  3J.  6d.  cloth. 

Woods  and  Marbles  {Imitation  of). 

SCHOOL  OF  PAINTING  FOR  THE  IMITATION  OF 
WOODS  AND  MARBLES,  as  Taught  and  Practised  by  A.  R. 
and  P.  Van  der  Burg.  With  24  full-size  Coloured  Plates  ;  also 
12  Plain  Plates,  comprising  154  Figures.     Folio,  2/.  12s.  6d.  bound. 

The  Military  Sciences. 

AIDE-MEMOIRE  to  the  MILITARY  SCIENCES.  Framed 
from  Contributions  of  Officers  and  others  connected  with  the  dif- 
ferent Services.  Originally  edited  by  a  Committee  of  the  Corps  of 
Royal  Engineers.  2nd  Edition,  revised  ;  nearly  350  Engravings 
and  many  hundred  Woodcuts.     3  vols,  royal  8vo,  cloth,  4/.  loj. 

Field  Fortification. 

A  TREATISE  on  FIELD  FORTIFICATION,  the  ATTACK 
of  FORTRESSES,  MILITARY  MINING,  and  RECON- 
NOITRING. By  Colonel  I.  S.  Macaulay,  late  Professor  of 
Fortification  in  the  R.  M.  A.,  Woolwich.  Sixth  Edition,  crown 
8vo,  cloth,  with  separate  Atlas  of  12  Plates,  izs.  complete. 
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Delamotti  s  Works  on  Illumination  &  Alphabets, 

A  PRIMER  OF  THE  ART  OF  ILLUMINATION  ;  for  the 
use  of  Beginners :  with  a  Rudimentary  Treatise  on  the  Art,  Prac- 
tical Directions  for  its  Exercise,  and  numerous  Examples  taken 
from  Illuminated  MSS.,  printed  in  Gold  and  Colours.  By  F.  Dela- 
MOTTE.  Small  4to,  9j.  Elegantly  bound,  cloth  antique. 
•' The  examples  of  ancient  MSS.  recommended  to   the  student,  which,  with  much 

good  sense,  the  author  chooses  from  collections  accessible  to  all,  are  selected  with 

judgment  and  knowledge,  as  well  as  taste." — Athenceunt. 

ORNAMENTAL  ALPHABETS,  ANCIENT  and  MEDIEVAL  ; 
from  the  Eighth  Century,  with  Numerals  ;  including  Gothic, 
Church-Text,  German,  Italian,  Arabesque,  Initials,  Monograms, 
Crosses,  &c.  Collected  and  engraved  by  F.  Delamotte,  and 
printed  in  Colours.  Tenth  and  Cheaper  Edition.  Royal  8vo, 
oblong,  2J.  (>d,  ornamental  boards. 
•'  For  those  who  insert  enamelled  sentences  round  gilded  chalices,  who  blazon  shop 

legends   over   shop-doors,   who  letter  church   walls  with  pithy  sentences  from  the 

Decalogue,  this  book  will  be  useful. " — A  thetueutn. 

EXAMPLES  OF  MODERN  ALPHABETS,  PLAIN  and  ORNA- 
MENTAL ;  including  German,  Old  English,  Saxon,  Italic,  Per- 
spective, Greek,  Hebrew,  Court  Hand,  Engrossing,  Tuscan, 
Riband,  Gothic,  Rustic,  and  Arabesque,  &c.,  &c.  Collected  and 
engraved  by  F.  Delamotte,  and  printed  in  Colours.  Eighth  and 
Cheaper  Edition.  Royal  Svo,  oblong,  2s.  6d.  ornamental  boards. 
"  There  is  comprised  in  it  every  possible  shape  into  which  the  letters  of  the  alphabet 

and  numerals  can  be  formed." — Standard. 

MEDIEVAL  ALPHABETS  AND  INITIALS  FOR  ILLUMI- 
NATORS. By  F.  Delamotte.  Containing  21  Plates,  and 
Illuminated  Title,  printed  in  Gold  and  Colours.  With  an  Intro- 
duction by  J.  Willis  Brooks.     Small  4to,  6s.  cloth  gilt. 

THE  EMBROIDERER'S  BOOK  OF  DESIGN  ;  containing  Initials, 
Emblems,  Cyphers,  Monograms,  Ornamental  Borders,  Ecclesias- 
tical Devices,  Mediaeval  and  Modem  Alphabets,  and  National 
Emblems.  Collected  and  engraved  by  F.  Delamotte,  and 
printed  in  Colours.    Oblong  royal  Svo,  is.  6d.  ornamental  wrapper. 

Wood-  Carving, 

INSTRUCTIONS  in  WOOD-CARVING,  for  Amateurs;  with 
Hints  on  Design.     By  A  Lady.     In  emblematic  wrapper,  hand- 
somely printed,  with  Ten  large  Plates,  zs.  6d. 
*'  The  handicraft  of  the  wood-carver,  so  well  as  a  book  can  impart  it,  may  be  learnt 
from  '  A  Lady's '  publication." — At/ietueum. 

Popular  Work  on  Painting. 

PAINTING    POPULARLY    EXPLAINED;    with    Historical 

Sketches  of  the  Progress  of  the  Art.    By  Thomas  John  Gullick, 

Painter,  and  John  Times,  F.S.A.     Fourth  Edition,  revised  and 

enlarged.  With  Frontispiece  and  Vignette.  In  small  8vo,  5j.  6<a('.  cloth. 

**  This  Work  has  been  adopted  as  a  Prize-book  in  the  Schools  of 

Art  at  South  Kensington, 

"  Contains  a  large  amount  of  original  matter,  agreeably  conveyed."— But'tdgr. 

"  Much  may  be  learned,  even  by  those  who  fancy  they  do  not  require  to  be  taught, 

from  the  carefu  i  perusal  of  this  unpretending  but  comprehensive  treatise. " — A  rt  7our7tal. 
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AGRICULTURE,  GARDENING,   ETC. 
Youatt  and  Burris  Complete  Grazier, 

THE  COMPLETE  GRAZIER,  and  FARMER'S  and  CATTLE- 
BREEDER'S  ASSISTANT.  A  Compendium  of  Husbandry. 
By  William  Youatt,  Esq.,  V.S.  12th  Edition,  very  con- 
siderably enlarged,  and  brought  up  to  the  present  requirements  of 
agricultural  practice.  By  Robert  Scott  Burn.  One  large  8vo. 
volume,  860  pp.  with  244  Illustrations,   i/.  \s.  half-bound. 

"  The  standard  and  text-book,  with  the  farmer  and  grazier." — Fartner'i  Magaziiu. 

"A  treatise  which  will  remain  a  standard  work  on  the  subject  as  long  as  British 
agriculture  endures." — Mark  Lane  Express. 

History,  Structure^  and  Diseases  of  Sheep, 

SHEEP  ;  THE  HISTORY,  STRUCTURE,  ECONOMY, 
AND  DISEASES  OF.  By  W.  C.  Spooner,  M.R.V.C,  &c. 
Fourth  Edition,  with  fine  engravings,  including  specimens  of  New 
and  Improved  IBreeds.     366  pp.,  4?.  cloth. 

Production  of  Meat, 

MEAT  PRODUCTION.  A  Manual  for  Producers,  Distributors, 
and  Consumers  of  Butchers'  Meat.  Being  a  treatise  on  means  of 
increasing  its  Home  Production.  Also  treating  of  the  Breeding, 
Rearing,  Fattening,  and  Slaughtering  of  Meat-yielding  Live  Stock ; 
Indications  ofthe  Quality,  etc.  By  John  Ewart.  Cr.  Svo,  5^.  cloth. 
"  A  compact  and  handy  volume  on  the  meat  question,  which  deserves  serious  and 
thoughtful  consideration  at  the  present  time." — Meat  and  Provision  Traded  Revievf. 

Donaldson  and  Btcrns  Suburban  Farming. 

SUBURBAN  FARMING.  A  Treatise  on  the  Laying  Out  and 
Cultivation  of  Farms  adapted  to  the  produce  of  Milk,  Butter  and 
Cheese,  Eggs,  Poultry,  and  Pigs.  By  the  late  Professor  John 
Donaldson.  With  Additions,  Illustrating  the  more  Modem  Prac- 
tice, by  R.  Scott  Burn.     12 mo,  \s.  cloth  boards. 

English  Agrictilture. 

A  TEXT-BOOK  OF  AGRICULTURE  (THE  FIELDS  OF 
GREAT  BRITAIN),  adapted  to  the  Syllabus  of  the  Science  and 
Art  Department.  For  Elementary  and  Advanced  Students.  By 
Hugh  Clements  (Board  of  Trade).  With  an  Introduction  by 
H.  Kains- Jackson.     i8mo,  2.s.  6d.  cloth. 

"  A  clearly  written  description  of  the  ordinary  routine  of  English  farm-life." — Land. 
' '  A  carefully  written  text-book  of  Agriculture. " — A  tJiencentn.  \^Economist. 

"A  most  comprehensive  volume,  giving  amass  of  information." — Agricultural 

Modern  Farming, 

OUTLINES  OF  MODERN  FARMING.  By  R.  Scott  Burn. 
Soils,  Manures,  and  Crops — Farming  and  Farming  Economy — 
Cattle,  Sheep,  and  Horses — Management  of  the  Dairy,  Pigs,  and 
Poultry — Utilisation  of  Town  Sewage,  Irrigation,  &c.  Fifth 
Edition.  In  i  vol.  1250  pp.,  half-bound,  profusely  illustrated,  \2.s. 
"There  is  sufficient  stated  within  the  limits  of  this  treatise  to  prevent  a  farmer 
from  going  far  wrong  m  any  of  his  o^^raXxon^."— Observer. 
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The  Management  of  Estates. 

LANDED     ESTATES    MANAGEMENT:    Treating    of   the 
Varieties  of  Lands,  Methods  of  Farming,  Farm  Building,  Irrigation, 
Drainage,  &c.     By  R.  ScoTT  Burn.     i2mo,  3J.  cloth. 
"  A  complete  and  comprehensive  outline  of  the  duties  appertaining  to  the  manage- 
ment of  landed  estates." — Jottrnal  0/  Forestry. 

The  Management  of  Farms. 

OUTLINES  OF  FARM  MANAGEMENT,  and  the  Organiza- 
tion of  Farm  Labour.  Treating  of  the  General  Work  of  the  Farm, 
Field,  and  Live  Stock,  Details  of  Contract  Work,  Specialties  of 
Labour,  Economical  Management  of  the  Farmhouse  and  Cottage, 
Domestic  Animals,  &c.     By  Robert  Scott  Burn.     i2mo,  y. 

Management  of  Estates  and  Farms, 

LANDED  ESTATES  AND  FARM  MANAGEMENT.  By 
R.  Scott  Burn.     (The  above  Two  Works  in  One  Vol.)    6s. 

Hudson  s  Tables  for  Land  Valuers. 

THE  LAND  VALUER'S  BEST  ASSISTANT :  being  Tables, 
on  a  very  much  improved  Plan,  for  Calculating  the  Value  of 
Estates.  With  Tables  for  reducing  Scotch,  Irish,  and  Provincial 
Customary  Acres  to  Statute  Measure,  &c.  By  R.  Hudson,  C.  E. 
New  Edition,  royal  32mo,  leather,  gilt  edges,  elastic  band,  4^. 

E wart's  Land  Improver^ s  Pocket-Book. 

THE  LAND  IMPROVER'S  POCKET-BOOK  OF  FOR- 
MULA, TABLES,  and  MEMORANDA,  required  in  any  Com- 
putation relating  to  the  Permanent  Improvement  of  Landed  Pro- 
perty.    By  John  Ewart,  Land  Surveyor.     32mo,  leather,  4j-. 

Complete  Agricultural  Surveyor's  Pocket-Book. 

THE  LAND  VALUER'S  AND  LAND  IMPROVER'S  COM- 
PLETE POCKET-BOOK ;  consisting  of  the  above  two  works 
bound  together,  leather,  gilt  edges,  with  strap,  'js.  6d. 
"We  consider  Hudson's  book  to  be  the  best  ready-reckoner  on  matters  relating  to 
the  valuation  of  land  and  crops  we  have  ever  seen,  and  its  combination   with  Mr. 
Ewart's  work  greatly  enhances  the  value  and  usefulness  of  the  latter-mentioned. — 
It  is  most  useful  as  a  manual  for  reference." — North  0/  Eng^iand  Farmer. 

Grafting  and  Budding. 

THE  ART  OF  GRAFTING  AND  BUDDING.  By  Charles 
Baltet.  Translated  from  the  French.  With  upwards  of  180 
Illustrations.     i2mo,  35.  cloth  boards. 

Culture  of  Fruit  Trees, 

FRUIT  TREES,  the  Scientific  and  Profitable  Culture  of.  In- 
cluding Choice  of  Trees,  Planting,  Grafting,  Training,  Restoration 
of  Unfruitful  Trees,  &c.  From  the  French  of  Du  Breuil.  Fourth 
Edition,  revised.  With  an  Introduction  by  George  Glenny.  4i-.cl. 

"  The  book  teaches  how  to  prune  and  train  fruit-trees  to  perfection." — Field. 

Potato  Ctdtu7^e. 

POTATOES,  HOW  TO  GROW  AND  SHOW  THEM;  A 
Practical  Guide  to  the  Cultivation  and  General  Treatment  of  the 
Potato.     By  James  Pink.     With  Illustrations.     Cr.  8vo,  2s.  cl. 
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Good  Garde7iing. 

A  PLAIN  GUIDE  TO  GOOD  GARDENING  ;  or,  How  to 
Grow  Vegetables,  Fruits,  and  Flowers.  With  Practical  Notes  on 
Soils,  Manures,  Seeds,  Planting,  Laying-out  of  Gardens  and 
Grounds,  &c.  By  S.  Wood.  Third  Edition.  Cr.  8vo,  5j.  cloth. 
"A  yery  good  book,  and  one  to  be  highly  recommended  as  a  practical  guide. 
The  practical  directions  are  \xz^\\t.r\V —Athetutum. 

Gainful  Gardening, 

MULTUM-IN-PARVO  GARDENING;  or.  How  to  make  One 
Acre  of  Land  produce  ;^620  a  year,  by  the  Cultivation  of  Fruits 
and  Vegetables  ;  also.  How  to  Grow  Flowers  in  Three  Glass 
Houses,  so  as  to  realise  ;^I76  per  annum  clear  Profit.  By  Samuel 
Wood.  3rd  Edition,  revised.  Cr.  8vo,  zs.  cloth. 
•'  We  are  bound  to  recommend  it  as  not  only  suited  to  the  case  of  the  amateur  and 
gentleman's  gardener,  but  to  the  market  grower."— Gardener  s  Magazine. 

Gardening  for  Ladies. 

THE  LADIES' MULTUM-IN-PARVO  FLOWER  GARDEN, 
and  Amateur's  Complete  Guide.     By  S.  Wood.     Cr.  8vo,  3^.  6</. 

Bulb  Culture. 

THE  BULB  GARDEN,  or,  How  to  Cultivate  Bulbous  and 
Tuberous-rooted  Flowering  Plants  to  Perfection.  By  Samuel 
Wood.     Coloured  Plates.     Crown  Svo,  3^.  dd.  cloth. 

Tree  Planting. 

THE  TREE  PLANTER  AND  PLANT  PROPAGATOR: 

A  Practical  Manual  on  the  Propagation  of  Forest  Trees,  Emit 
Trees,  Flowering  Shrubs,  Flowering  Plants,  Pot  Herbs,  &c. 
Numerous  Illustrations.    By  Samuel  Wood.    i2mo,  2s.  6d.  cloth. 

Tree  Pru7ting. 

THE  TREE  PRUNER  :  A  Practical  Manual  on  the  Pruning  of 
Fruit  Trees,  their  Training  and  Renovation  ;  also  the  Pruning  of 
Shrubs,  Climbers,  &c.     By  S.  Wood.     i2mo,  2s.  6d.  cloth. 

Tree  Planting,  Pruning,  &  Plant  Propagation, 

THE  TREE  PLANTER,  PROPAGATOR,  AND  PRUNER. 
By  Samuel  Wood,  Author  of*  Good  Gardening,"  &c.  Consisting 
of  the  above  Two  Works  in  One  Vol.,  5^.  half-bound. 

Early  Fruits,  Flowers  and  Vegetables. 

THE  FORCING  GARDEN  :  or.  How  to  Grow  Early  Fruits, 
Flowers,  and  Vegetables.  With  Plans  and  Estimates  for  Building 
Glasshouses,  Pits,  Frames,  (S:c.    By  S.  Wood.    Crown  Svo,  3^.  (>d. 

Market  Gardening,  Etc. 

THE  KITCHEN  AND  MARKET  GARDEN.  By  Con- 
tributors to  *'The  Garden."  Compiled  by  C.  W.  Shaw,  Editor 
of  "Gardening  Illustrated."  i2mo,  t^s.  6d.  cL  bds.     \Just published. 

Kitchen  Gardening. 

KITCHEN  GARDENING  MADE  EASY.  Showing  how  to 
prepare  and  lay  out  the  ground,  the  best  means  of  cultivating  every 
known  Vegetable  and  Herb,  etc  By  G.  M.  F.  Glenny.   i2mo,  zs. 
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^A  Complete  Epitome  of  the  Laws  of  this  Country, 

EVERY  MAN'S  OWN  LAWYER ;  a  Handy-Book  of  the  Prii 
ciples  of  Law  and  Equity.  By  A  Barrister.  New  Editioi 
Corrected  to  the  end  of  last  Session.  Embracing  upwards  < 
3,500  Statements  on  Points  of  Law,  Verified  by  the  addition  < 
Notes  and  References  to  the  Authorities.  Crown  8vo,  clot! 
price  6j.  %d.  (saved  at  every  consultation). 

COMPRISING  THE  RIGHTS  AND  WRONGS  OF  INDIVIDUALS,  MERCANTII 
AND  COMMERCIAL  LAW,  CRIMINAL  LAW,  PARISH  LAW,  COUNTY  COUP 
LAW,  GAME  AND  FISHERY  LAWS,  POOR  MEN's  LAW,  THE  LAWS  OF 


Settlements — Stock  Exchange  Pr/ 
TicE— Trade  Marks  and  Patents 
Trespass,  Nuisances,  etc. — Transf 
OF  Land,  etc. — Warranty  —  Wil 
AND  Agreements,  etc. 


Bankruptcy— Bills  of  Exchange 
Contracts    and    Agreements — Copy- 
right—Dower   AND    Divorce — Elec- 
tions and  Registration — Insurance 
— Libel  and  Slander — Mortgages— 

Also  Law  for  Landlord  and  Tenant —  |  — Friendly  Societies — Clergymen,  Churc 
Master  and  Servant — Workmen  and  Ap-  wardens — Medical  Practitioners,  &c. 
prentices — Heirs,  Devisees,  and  Lega-  Bankers  —  Farmers  —  Contractors — Stc 
tees  —  Husband  and  Wife  —  Executors  and  Share  Brokers — Sportsmen  and  Can 
and  Trustees  —  Guardian  and  Ward  —  keepers — Farriers  and  Horse-Dealer; 
Married  Women  and  Infants — Partners  Auctioneers,  House-Agents — Innkeepe 
and  Agents  —  Lender  and  Borrower  —  &c. —  Pawnbrokers  —  Surveyors  —  Rj 
Debtor  and  Creditor — Purchaser  and  ways  and  Carriers,  &c.,  &c. 
Vendor  —  Companies    and    Associations 

"  No  Englishman  ought  to  be  without  this  book." — Engineer. 

"  What  it  professes  to  be — a  complete  epitome  of  the  laws  of  this  country,  thorougl 
intelligible  to  non-professional  readers.  The  book  is  a  handy  one  to  have  in  readim 
when  some  knotty  point  requires  ready  solution." — Be/l's  Life. 

"  A  useful  and  concise  epitome  of  the  law." — Law  Magazine. 

A  uctioneer's  A  ssistant. 

THE  APPRAISER,  AUCTIONEER,  BROKER,  HOU.' 
AND  ESTATE  AGENT,  AND  VALUER'S  POCKET  A 
SISTANT,  for  the  Valuation  for  Purchase,  Sale,  or  Renewal 
Leases,  Annuities,  and  Reversions,  and  of  property  general! 
with  Prices  for  Inventories,  &c.  By  John  Wheeler,  Valuer,  6 
Fourth  Edition,  enlarged,  by  C.  NORRIS.  Royal  32mo,  cloth, 
•*  A  concise  book  of  reference,  containing  a  clearly- arranged  list  of  prices 
inventories,  a  practical  guide  to  determine  the  value  of  furniture,  &c." — Standai 

A  uctionee7Hng, 

AUCTIONEERS  :  THEIR  DUTIES  AND  LIABILITIE 

By  Robert  Squibbs,  Auctioneer.     Demy  8vo,  loj.  6cZ.  cloth. 

"  Every  auctioneer  and  valuer  ought  to  possess  a  copy  of  this  valuable  work. 

House  Property,  Uronmon, 

HANDBOOK  OF  HOUSE  PROPERTY  :  a  Popular  and  Pr 
tical  Guide  to  the  Purchase,  Mortgage,  Tenancy,  and  Compulse 
Sale  of  Houses  and  Land  ;  including  the  Law  of  Dilapidations  a 
Fixtures,  &c.    By  E.  L.  Tarbuck.    3rd  Edit.   i2mo,  y.  ^d.  clo 

'We  are  glad  to  be  able  to  recommend  it." — Builder.  \ytist publish 

"  The  advice  is  thoroughly  practical." — Law  Journal. 

Metropolitan  Rating, 

METROPOLITAN  CRATING  :  a  Summary  of  the  Appe 
heard  before  the  Court  of  General  Assessment  Sessions  at  Wc 
minster,  in  the  years  1871-80  inclusive.  Containing  a  large  m 
of  very  valuable  information  with  respect  to  the  Rating  of  Rf 
ways,  Gas  and  Waterworks,  Tramways,  Wharves,  Public  Hous 
&c.     By  Edward  and  A.  L,  Ryde.  8vo,  \2s.  6d. 

BradlHiry,  Agnew,  &.  Co.,  Printers,  Whitefriais,  London. 
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^  THE  TIMBER  IMPORTER'S,  TIMBER  MEl 
pi  CHANTS,  AND  BUILDEIVS  STANDARD  GUIDE:  cor 
!r7r  prising  copious  and  valuable  Memoranda  for  the  Use  of  tl 
)^  Eetailer  and  Builder.  By  Richard  E.  Grandy.  Second  Editio: 
revised.     3s. ;' cloth  boards,  3s.  6d.  :. 

THE  ACOUSTICS    OF   PUBLIC  BUILDINGS, 
Rudimentary  Treatise  on ;  or,  the  Principles  of  the  Science 
Sound  applied  to  the  purposes  of  the  Architect  and  Builde 
By  T.  RoGBR  Smith,  M.R.I.B.A.,  Architect.  Illustrated.  Is.  6 

CARPENTRY  AND  JOINERY,  Elementary  Prii 
ciples"of,  deduced  from  the  "Works  of  the  late  Professor  Robiso 
and  Thomas  Tredgold,  C.E.  Illustrated.  New  Edition,  -with 
Treatise  on  Joinery  by  E.  Wyndham  Tarn,  M.A.    38.  6d. ;  clo 

CARPENTRY  AND  JOINERY,  Atlas  of  85  Plat- 
to  accompany  and  illustrate  the  foregoing  book.  4to,  6s. ;  clo 
boards.  7a.  6d. 

CONSTRUCTION  OF  ROOFS  OF  WOOD  AN 
IRON  (an  Elementary  Treatise),  chiefly  deduced  from  t 
Workp,  of  Robison,  Tredgold,  and  Humber.  By  E.  IWyndh< 
Tarn,  M.A.,  Architect.  Is.  6d. 

QUANTITIES   AND   MEASUREMENTS  in   Brie 

layers',    Masons',    Plasterers',    Plumbers',     Painters',     Papt 
hangers',  Gilders',  Smiths',  Carpenters',  and  Joiners'  work.  \Vi 
Rules    for    Abstracting    and  Hints    for    Preparing  a  Bill 
Quantities,  &c.     By  A.  C.  Beaton,  Surveyor      Is.  6d. 

LOCKWOOD'S  BUILDER'S  AND  CONTRACTOR 
TRICE  BOOK  for  1883.  With  additional  Matter  and  Pric 
Revised  to  the  present  time.  Editcxl  by  Francis  T.  W.  Mill] 
Architect.     3s.  6d. ;  half-bound,  4s. 

ARCHITECTURAL  MODELLING  IN  PAPER,  t 
Art  of.    By  T.  A.  Richardson,  Architect.    Plates.     Is.  6d. 

VITRUVIUS'  ARCHITECTURE.  Translated  from  1 
Latin  by  Joseph  Gwilt,  F.S.A.,  F.R.A.S.     Plates.     6s. 

GRECIAN    ARCHITECTURE,   an  Inquiry  into   \ 

Principles  of  Beauty  in.    By  the  Earl  op  Aberdeen.     1b. 

*»*  With  "  Vitruvius,"  in  one  vol.,  half-bound,  Ss. 

DWELLING-HOUSES,   a    Rudimentary    Treatise 
the  Erection  of,  illustrated  by  a  Perspective  View,  Plans,  Ele 
tions,  and  Sections  of  a  pair  of  semi-detached  Villas,  with 
Specification,  Quantities,   and  Estimates.      By  S.  H.  Bro( 
Architect.     New  Edition,  with  Additions.     Plates.     28.  6 
cloth  boards,  3s. 

MATHEMATICAL  INSTRUMENTS,  a  Treatise  i 
in  which  their  Construction,  and  the  Methods  of  Testing, 
justing,  and  Using  them,  are  concisely  explained.    By  J. 
'•^        Heather,  M.A.     Illustrated.     Is.  6d. 
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